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Abstract 
 
The purpose of this research is to better understand how residents of communities located 
on the flanks of Kilauea, Hawai’i view the hazards associated with volcanic events taking into 
account hazard proximity, cultural beliefs, municipal trust, and evacuation planning. The study 
was conducted in the lower Puna district, an area with a rapidly growing population but limited 
infrastructure.  
Data were collected though a questionnaire survey undertaken at venues throughout the district, 
including grocery markets, bakeries, farmers markets, the public pool, and other gathering 
places. Overall, the results indicated that people understand the natural hazards of the place but 
are generally not concerned about the potential impacts of these hazards on their livelihoods; few 
could determine whether or not they lived in a lava zone, the impacts on health, and the need for 
evacuation planning. Cultural considerations appear to play major role and many residents 
believe that Madam Pele, Goddess of Fire, has a stake in the events of Kilauea. Both hazard 
understanding and cultural belief systems varied by gender, age, income, and education.  When 
compared to findings from earlier studies within the lower Puna district, it was noted that 
opinions have shifted over time and that belief in Pele had strengthened.  
     This study demonstrated that understanding the opinions and patterns of belief within 
communities must be ongoing and municipal planning must be altered over time to 
accommodate evolving needs and beliefs of a community to obtain optimum community support. 
  
 
 
 
 
Chapter 1 
 Study Summary and Problem Statement 
 
      This research examines the opinions of Hawaiian residents who live in volcanically 
active areas of Hawaii and compares the results to previous research findings undertaken 
after the eruptions of 1960.  
     In 1960, Lachman and Bonk conducted research into cultural beliefs and perceptions of 
volcanic activity in Hawaii and the mitigation tactics undertaken to divert lava from 
populated areas. However, the research data were never fully analyzed in part because a 
tsunami hit Hilo a short time later. In 2005, the survey data were retrieved from archives at 
the University of Hawaii for further assessment by Gregg et al. (2008).  As a 
recommendation to their  findings, Gregg et al. (2008) concluded that further research should 
be conducted about the attitudes and perceptions of Puna district residents and that “the 
Kapoho study should be used as a basis for a comparative modern study in Hawaii before the 
next damaging eruption” (Gregg et al., 2008, 106).  This research, then, builds on the work of 
Gregg et al.’s analysis of Lachman and Bonk’s 1960 assessment of those cultural perceptions 
and provides a comparison to the 1960 data of perceived volcanic risk. 
 
 
 
 2 
 
Problem Statement 
     This thesis serves as a tool to gather information related to opinions about cultural beliefs, 
hazard mitigation tactics, and volcanic hazard exposure around Mount Kilauea on Hawaii. Of 
the Big Island of Hawaii’s five volcanoes, Kilauea was the most recent subaerial volcano to 
form.  It formed on the southeastern portion of Hawaii’s Big Island. Kilauea has been known 
for periods of explosive activity in previous centuries. Today, Kilauea is one of the most 
consistently erupting volcano on earth, known for its eruption patterns which are generally 
non explosive (USGS, 2010) but which pose risks from sulfur dioxide, carbon dioxide, 
hydrogen fluoride, and hydrogen sulfide. Hydrogen sulfide is also emitted from hot spring 
systems throughout the island.  
     To its east and west, reside small rural communities. In these communities, , residents on 
the Big Island live in an environment that exposes them to the elements of volcanic activity 
including gaseous emissions (Weinstein et al., 2013, 217) and potential lava flows 
(Kauahikaua, 2013, 1). For neighborhoods that lie in proximity to East Rift zones fissures, 
lava inundation becomes an additional risk (Witze, 2011, 8).  
     The risks that exist in the areas which surround Kilauea are not new. In 1960, a volcanic 
eruption destroyed Kapoho, a village in Puna and the focus of Lachman and Bonk’s study.   
The present work was undertaken in 2013 to re-assess and compare the beliefs residents have 
about the risks that exist in the Puna district.  The survey expanded the parameters of the 
previous work to measure hazard knowledge, the trust that participants had in science and 
government, and perceived safety.  The statistical data were compared to the survey results 
from 1960 and statistical analysis was conducted to analyze current opinions and beliefs 
within the 2013 population based upon demographic differences. 
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     It is important to understand how residents respond to the possibility of disaster if 
mitigation strategies are to be effective.  Through better knowledge of the beliefs of local 
residents, plans can be improved to aid residents in making informed decisions. Inviting 
community input into the disaster planning process can also assist administrators in gaining 
community confidence, cooperation, and support.  
 
Study Objectives 
The overall objectives of the study were to: 
 Designate risk areas by geographic locale and lava risk zone classifications 
 Conduct a survey of the perception of risk resulting from volcanic hazards for the  
lower Puna region’s population 
 Compare findings to Lachman and Bonk, 1960 (analyzed by Gregg, 2005) 
 Compare findings of present day research for demographic variations 
 
Research Questions 
The results of the study addressed the following eight questions: 
1.) Is there a statistically significant difference between participant responses to surveys 
in 2013 from the responses obtained by Lachman and Bonk in 1960? 
2.) Can participants correctly identify the lava zone which their home lies within? 
3.) Is there a statistically significant difference in responses of 2013 participants based 
upon ethnicity? 
4.) Is there a statistically significant difference in responses of 2013 participants based 
upon gender? 
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5.) Is there a statistically significant difference in responses of 2013 participants based 
upon age? 
6.) Is there a statistically significant difference in responses of 2013 participants based 
upon income? 
7.) Is there a statistically significant difference in responses of 2013 participants based 
upon education? 
8.) Is there a statistically significant difference in responses of 2013 participants based 
upon the time of residence in the Puna District? 
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Chapter 2 
Literature Review 
 
Risk Perception 
     Perception is the way in which an individual views a situation. Psychological, social, 
institutional and cultural processes all influence risk perceptions (Rod, Botan and Holen, 
2012, 96).  The perception of risk and disaster can be radically different, based upon ethnicity 
and heritage. For example, many Hawaiians and other long term island residents often 
consider land usage to be one of a land stewardship. As the result, the concept of volcanic 
loss is often met with acceptance of “Pele’s will” as a means of coping and acceptance. 
Similarly, communities in the foothills of Popcatepetl of San Pedro Benito Jaurez (Mexico) 
have regarded Popcatepetl much the same, citing volcanoes as protective entities which 
provide rains and agricultural fertility (Tobin et al., 2011, 701). As a result, getting people to 
view volcanoes as dangerous may be a difficulty for municipal agencies.  
     Lachman and Bonk proposed in 1960 that security seeking behavior is part of the coping 
process. In times of stress and uncertainty, inhabitants of disaster prone areas seek security in 
supernatural beliefs such as the presence of Pele, rituals, and other related behavior. 
Hawaiian cultural influence was measured through the administration of a survey measuring 
security seeking behavior specifically tied to volcanic eruptions on Hawaii; rituals and 
offering made to Hawaiian goddess Pele which includes traditional offerings of breadfruit, 
bananas, pork and tobacco. These beliefs are publically observed and span the scope of 
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different religions, creeds, ethnic groups, ages and educational backgrounds (Lachman and 
Bonk, 1960). For newer settlers, generally of a European based heritage, the concept of land 
ownership is more prevalent. Concepts of loss are tied more concretely to personal disaster 
(Kenhon, retrieved January 19, 2013). Shortly after the Kapoho eruption and Lachman and 
Bonk’s research study, the Hilo Tsunami damaged the geographical area, halting the study. 
The gathered data were not statistically analyzed until 2005 by Gregg et al. with the support 
of Lachman and Bonk.   
     In both the work of Tobin et al. (2011, 703) and Lachman and Bonk (1960) the cultural 
influence of elders’ opinions that had survived disasters was a factor which influenced beliefs 
within populations.  Overall, people who live in areas of volcanic activity may have fewer 
concerns than those in areas with other geological risks, such as landslides (Tobin et al., 
2011, 708). One such example cited in the qualitative information gathered in my survey was 
a woman who referenced her life in California, with the constant fear of wild fires, and her 
perception that living near a volcano yielded much smaller risks. 
     The cultural sensitivities that locals have are a very important consideration. For this 
reason, cultural sensitivities have been considered by the Hawaii State Civil Defense (2002). 
The engineered mitigation of lava flows should carefully be assessed in its considerations to 
beliefs in the “will of Pele” by native Hawaiians and other westerners with affiliations to 
Hawaiian belief systems. At the same time, consideration must also be made to liability, 
reliability, and funding (Gregg et al., 2008, 110). 
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Vulnerability and Resilience 
     Vulnerability and resilience are important aspects of how risks affect a population. 
Vulnerability is defined as “the pre-event, inherent characteristics or qualities of social 
systems that create the potential for harm” (Cutter et al., 2008, 599).  Vulnerability is a 
function of the exposure to the hazard as shown on Figure 2.1. It is affected by who or what 
is at risk. The degree to which people and places can be harmed is called “sensitivity of 
system” (Cutter et al., 2008, 599).  
     Resilience is the ability of a social system to respond and recover from disasters. It 
influences adaptive processes (Cutter et al., 2008, 599) because in many disasters, the 
community often does not return to the state it was in before the disaster occurred. As a 
group, the community must adjust. The level of resilience a community has assists in 
facilitating the ability of the social system to learn and adapt to future threats (Cutter et al., 
2008, 599).  
     Vulnerability also impacts the loss experienced by an individual or group due to their 
susceptibility of an event and their ability to recover from the disaster (Montz and Tobin, 
2013, 514). These vulnerability attributes must be considered in any comprehensive 
mitigation program. When discussing vulnerability, it is important to recognize that 
vulnerability should not be treated in a homogenous manner or referred to in general terms. 
Alcantara-Ayala (2002) recognizes eight factors which create vulnerabilities which include: 
lack of access to resources known as economic vulnerability, disintegration of social patterns 
known as social vulnerability, lack of access to information or knowledge known as 
educational vulnerability, and lack of public awareness which is classified as attitudinal or 
motivational vulnerability. Additional vulnerabilities include lack of access to political power 
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and representation known as political vulnerability, holding beliefs and customs known as 
cultural vulnerability and the weakness of infrastructure and individuals which is referred to 
as physical vulnerability (Alcantara-Ayala, 2002, 108). Tobin et al. (2011, 701) also cited 
recent life changes and accessibility to social networks as variables that are often overlooked 
in risk research but the importance of personal relationships has been found to be 
instrumental in the recovery process (Jones et  al., 2013, 10). 
 
 
Figure 2.1 Vulnerability 
Adapted from Source: Total Disaster Management (2005, 5.) 
 
 
     Understanding vulnerability can be a complex issue which may be best addressed by a 
multi-disciplinary team that can collaborate to better understand the fit of natural and human 
interaction.  By doing so, it can be expected that effective risk programming can address 
hazard prevention and awareness by not only looking at geological and geographical 
information but also taking  into consideration social and economic factors. Religious  
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doctrine, local lore, cultural tradition and social norms are also all aspects of life which must 
be considered as relevant variables in examining vulnerability (Montz and Tobin, 2013, 516); 
(Jones et al., 2013, 8).   
     A natural event may have the characteristics that pose dangers to social entities, but the 
danger is not in the actual natural process per se, it is the result of the human systems and 
their associated vulnerabilities. When an extreme geophysical event interacts with a human 
vulnerability in the same coordinates of space and time, a natural disaster occurs. Part of 
measuring risk probability must take into account vulnerability and resilience. Risk 
probability is determined by measuring the probability of an event, population exposed, 
vulnerabilities and coping strategies as it relates to the human use system. As the record 
becomes longer and exhibits fewer occurrences, the task of making this measurement can 
become less reliable (Tobin and Montz, 2009, 410). Probability trends are altered at times. 
Some examples of variables that can affect vulnerability are human movement trends, 
settlement patterns and land use variables (Tobin and Montz, 2009, 409).     
     Human vulnerability is tied to wealth (Alcantara-Ayala, 2002, 108) because people that 
have few economic resources have more limitations. For example, even if they recognize a 
disaster is eminent some people do not have the ability to evacuate.  People with less money 
often have limited transportation possibilities especially when public transportation is 
interrupted. Transportation limitations make it difficult to get to a place of refuge, such as a 
relative’s home. In some circumstances, residents do not have family or they are all in the 
area expecting the disaster and limited funds make it difficult to go to a hotel.    
     Another reason that impacts can be exacerbated is an inability to navigate the bureaucratic 
process. Often residents do not know what resources are available or where to go to get them. 
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Often, economically disadvantaged residents are not well represented by politicians and 
municipal professionals. Lack of representation, inability to communicate, and lack of 
mobility are all factors that can increase vulnerability (Montz and Tobin, 2013, 514).  These 
limitations make the residents more vulnerable and less resilient. One such example which is 
commonly cited in the literature is the lack of resilience of residents of New Orleans after 
Hurricane Katrina (Montz and Tobin, 2013, 515). 
          Another variable which should be considered is risk perception and risk 
communication (Lemyre et al., 2009, 207). Without an awareness of the risk and recognition 
of the need for communication a positive response to impending disaster is questionable. 
Once again, different demographic groups perceive the hazard and respond differently. For 
instance, in Ruskin, Florida, residents may or may not plan for hurricanes and storm surges. 
Hurricane forecasting, warnings, and response systems have been put in place to inform 
residents about land elevations and planning for flood inundation in time of hurricanes in an 
effort to secure lives (Kusenbuch, Simms and Tobin, 2010, 85). At the government level, 
building codes have been established for the safety of residents, although residents do not 
always comply with building standards. Residents also generally lack sufficient home 
insurance. Finally, research indicates that flood plain residents, living at sea level (or near sea 
level) often establish “shelter in place” disaster. At the same time, Ruskin mobile home 
residents cited the level of flood waters as their largest concern during a disaster plans 
(Kusenbuch, Simms and Tobin, 2010, 88). As one can see, detailed work should be on the 
horizon for science teams who explore the fluidity of disaster plans as residents assess 
perception of personal risk, mitigation planning and evacuation. Sheltering in place is not an 
appropriate measure for many volcanic hazards, such as lava flows, but the mindset of 
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residents does not always operate smoothly in decision-making. A resident who shelters in 
place is in a more vulnerable position than one who evacuated to the safety of a shelter, hotel, 
friend, or family. When residents do not plan for a disaster in a way that meets the safety 
needs of the impending disaster, the resident’s level of vulnerability will increase.  
     Some groups are frequently identified as highly vulnerable including low income, cultural 
or ethnic minorities, children, and women because of their limited capacity for recoverability, 
health perseverance, and preparedness and protection (Cannon 1994). Cannon further asserts 
that financial livelihood is the driving force in protection against vulnerability. Those who 
are most resilient are those who can provide for themselves and their dependents with surplus 
resources for more of their own basic needs. It is with this surplus that people can attain a 
sustaining lifestyle which protects against the inability to assist oneself in a time of disaster. 
It is important to clarify, that vulnerability should not be confused with poverty itself 
(Cannon, 1994, 19). 
 
          Low Income Individuals 
     Individuals in the lower income quartile often have challenges that others do not face. One 
example is the limited ability to care for oneself, physically and mentally. Phillips et al. 
(2005) interviewed a community of Alabama residents about disaster preparedness topics. 
Although the mean for all groups reporting health difficulties was 18%, in the lower income 
quartile 49% of individuals cited being in poor health. The lower income quartile also 
reported less community involvement, demonstrating poor coping skills, and feelings of 
hopelessness. They also reported being less willing to attending disaster preparedness 
classes.  
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     As previously addressed, the lack of expendable income contributes to the likelihood that 
an individual may lack resources to remove themselves temporarily or permanently from a 
dangerous situation. In times of evacuation, lack of financial resources for transit and 
housing may leave this population with few solutions to evacuate. Additionally, the domains 
in which they reside are generally structurally less sound due to lack of maintenance or from 
infrastructural design, such as mobile homes. More people in low income groups reside in 
areas that are deemed geographically hazardous because these areas are generally less 
desirable and hence less valuable (Lemyre et al., 2009, 209). It is here that building codes 
and restrictions to keep people out of areas of high danger might have the greatest pay-off. 
To date, no land planning restriction exists for high risk areas of Puna which enhances the 
risk that some populations may experience due volcanic events. 
 
          Cultural or Ethnic Minorities 
     Differential access to resources can impact cultural and ethnic minorities in various ways. 
For instance, the absence of governmental representation can be a factor which creates other 
vulnerabilities (such as health services or financial resources). Also, cultural belief systems 
that have historical foundations can influence settlement in certain areas (Gregg et al., 2003, 
106). In places such as Hawaii, native Polynesian families often live in communities where 
few municipal utility services are present (Lachman and Bonk, 1960). In the absence of 
municipal electric and water, catchment tanks collect water which may have acidic 
tendencies from the emissions of gases from Kilauea. Homes with solar electric are far less 
likely to utilize air conditioning systems which filter air from gas emissions.  In addition, 
native Polynesian residents may select housing where the land is cheaper and agriculturally 
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richer because of the volcanic deposits. The potential consequence is that these lands can be 
in high risk lava zones, and have increased susceptibility to volcanic activity. Because these 
lands are also viewed as beneficial to the spirit, overcoming cultural settlement patterns, 
passed from generation to generation, becomes difficult for municipalities to educate 
residents about the risks of their settlement choices.  
 
          Children 
     Children have limited ability to respond in hazardous conditions due in part to cognitive 
and developmental limitations. Children are less able to cope with the effects of disaster and 
are more susceptible to emotional disturbances. As a result, children are more likely to re-
experience the trauma through nightmares and flashbacks. It is common for children to use 
avoidance as a coping tool and have hyper-arousal which manifests itself as sleeping 
difficulties and trouble concentrating (Prinstein et al., 1996, 463). 
     From a physical perspective, children are also more susceptible to chemical and biological 
agents, posing greater health concerns from exposures (Lemyre et al., 2009, 209). The 
presence of children in a home paired with the need for childcare are also factors which 
effect decisions about evacuation (Tobin et al., 2011, 701). 
 
           Women 
     Women are often regarded as especially vulnerable to risk because they frequently take 
responsibility for the well-being of others, particularly the elderly and the very young. While 
this is a generalization, there is evidence that women experience greater levels of stress due 
in part to the pressure of keeping families together. Although men experience trauma, 
 14 
 
generally higher levels are found among women. Preparing for disaster can be difficult when 
planning for other individuals too, such as aging parents, the disabled and children (Lemyre 
et al., 2009, 209).   
      Pregnant women are also another vulnerable group because of exposure to chemicals and 
substances which may influence fetal development. Heightened sensitivity to exterior agents 
and stress can impact development, birth weight, and prematurity. 
 
Risk Assessment 
     Risk is defined as the “expectation value of losses such as deaths, injuries, and property 
that would be caused by a hazard” (Total Disaster Risk Management, 2005). Risk is also 
defined as the “conceptualized product that a probability of an event will occur paired with 
the consideration of the consequences of hazardous event” (Paton et al., 2008, 179). In other 
words, it is not just the expectation of an event but also the exposure of life and property. 
Identifying alternative ways for communities and individuals to increase their ability to 
mitigate risk must be explored further because the way in which individuals and groups 
perceive risk often varies. Several factors can shape these expectations. For this reason, risk 
communication must be tailored to its audience (Adler, 2005, 23).  
     The way in which civic emergency agencies communicate risk encourages or discourages 
the level at which people will adopt preparedness measures which will allow a community’s 
members to manage their unique hazard consequences. Regardless of the effort and 
technique of civic emergency agencies, levels of preparedness remain low (Paton et al., 2008, 
180).   “Risk communication is an interactive process, involving the exchange of information 
and opinions among individuals, groups and institutions regarding potential health or 
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environmental threats” (Lemyre et al., 2009, 210).  Often, differences between the public, 
authorities and scientists have been responsible for misunderstandings and misinterpretation 
of information (Haynes, Barclay and Pidgeon, 2008, 259). It is here that a municipality’s 
message must be clear, concise and believable so that populations can make choices which 
best suit their needs based on that risk communication. Effective risk communication is not 
always utilized and some barriers have been identified by Lemyre et al. (2009). Some of 
these barriers include: 
 Lack of access to technological community features due to economic limitations 
 Low literacy affecting one’s ability to utilize written materials 
 Materials for those of different languages and cultures may be limited/unestablished 
 Rural residents may not have access to obtaining some materials 
 Illegal immigrants may be hesitant to seek outside assistance in fear of repercussions 
 Physical impairments may limit use (Braille, large print, audio assisted files) 
 Lack of social networks may limit access for older residents 
 Newcomers, transient populations and visitors may lack fundamental knowledge of 
the area to know where to seek assistance  
      Officials and the public perceive risk differently which limits the effectiveness when 
delivering risk messages. Effective outreach messaging needs to be put in place in order to 
recognize and increase awareness of volcanic hazards because risk is perceived in different 
ways. These perceptions are driven by social-cognitive, cultural and political factors and 
hence needs must be tailored to specific communities (Gregg, 2005, xi).  
     Lindell and Perry (2008) observed that when individuals estimate the severity which a 
hazard poses to the health, safety and possessions of the general public the individuals’ 
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understanding is consistent with what the experts are trying to convey. However, they do not 
process the potential risk in a way that applies to them as an individual, in a correct manner. 
Nevertheless, perceived risk is not a strong indicator of hazard adjustment (Perry and Lindell, 
2008, 177). What this means is that people who do not expect to be affected by a hazard can 
adjust just as well as some individuals that did appropriately perceive the risk. At the same 
time, people who appropriately understood their personal risk may fail at adjusting to post-
event circumstances in the same ways as those who did not. Indeed, individuals can exhibit 
levels of cognitive dissonance based on personal experiences (Tobin et al., 2011, 699). 
     Information seeking behaviors have an impact on the way in which individuals adjust to 
the potential for natural events such as earthquakes, volcanoes, and fires (Perry and Lindell, 
2008, 177). It is for this reason that easy access and availability of meaningful and 
understandable public information is essential in hazard planning. During a crisis, for 
example, a positive response from the public is dependent upon two factors; event knowledge 
and hazard perception. In many instances, residents are aware of hazardous activity but do 
not perceive their homes as potentially affected, often opting to stay home when evacuation 
is ordered (Bird et al., 2009, 251). For this reason, Bird states that effective compliance is 
related to public interpretation of how their personal situation is related to hazard messages 
(2009, 253). In order to implement effective education and hazard warnings, collaboration 
between physical and social sciences is a key step in achieving a greater understanding 
(2009, 252).  
    To understand how residents make cognitive choices about impending disaster, Bird 
(2006) conducted research about volcanic evacuation drills. In 2006, Iceland officials 
undertook a full scale evacuation exercise to determine the effectiveness of their warning and 
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evacuation systems. Post-exercise, resident participants cited several reasons for their 
reluctance to leave their homes. Some residents wanted the hazard zones reclassified to better 
identify levels of risk, which would prompt people to assess the personal level of danger to 
their property and family. For participants seeking information in order to make evacuation 
decisions, there were technology failures such the failure of phone lines and internet usage 
measurements were reported to be low. However, sweepers, area volunteers who go door to 
door relaying evacuation instructions and information, were perceived as an effective way to 
convey information and verifying people were able to evacuate (Bird, 2009, 262).  
     Poor communication and lack of citizen empowerment were also cited as drawbacks to 
the cooperative effort on the part of the area residents. Participant feedback suggested that 
education should be on-going and that mitigation planning should include residents (Bird, 
2009, 263).  For many residents in rural and agricultural areas, refusal to evacuate is 
connected to responsibility for and the inability to move pets and livestock in timeframes 
posted in evacuation circumstances. Kusenbach, Simms and Tobin (2010, 89) cited similar 
findings about pets, with 1 of 3 interview respondents citing no plans in place for the 
accommodation of pets during a disaster. 
     Gregg et al. (2003) reported similar findings to that of the 2006 Iceland exercise after 
communities in the Kona area of the Big Island participated in a research survey measuring 
volcanic risk perception. Within Kona, most volcanic risk stems primarily from Mauna Loa, 
which has experienced 32 eruptions since 1932 (Gregg et al., 2003, 179), and Hualalai, 
Despite these ongoing eruptions, threat knowledge and risk perception were categorized as 
“low to moderate.”  Fewer than two-thirds of participants were aware of the most recent 
impacts on Kona. From an academic view point, only about one-third of participants knew 
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that lava could reach the Kona area in less than 3 hours and another one-third believed 
eruptions could never affect Kona again.  Further, low levels of preparedness were associated 
with low perceptions of threat and risk (Gregg et al., 2003, 180). 
     Beliefs about vulnerability are not always directly associated with knowledge about 
threats. Within a population, the perception of vulnerability is an important facet of 
understanding how people think about volcanic hazards. People who believe their 
vulnerability is high are sometimes more likely to respond to hazard warnings and participate 
in protective behaviors, if options are available. Even more important, however, is an 
individual’s previous hazard experience and the appropriate timing of an assessment of risk 
(Johnston et al., 1999, 118).  
     Individuals can exhibit unrealistic optimism and biases about perceptions of risk due to 
potential volcanic eruptions (Paton et al., 2007, 182) (Johnston et al., 1999, 124). Risk denial, 
that is cognitive dissonance, enables individuals to maintain a belief that they are less 
vulnerable and more skillful than the average person (Sjoberg, 2000, 2).  When people 
receive warnings they generally go through several formative stages which shape responses. 
This modeled sequence is inclusive of hearing, confirming, believing, personalizing and 
responding. The process of adapting to personal situations begins and shifts from the time 
that the first source of risk information is conveyed to the individual. After hearing that 
danger is imminent, individuals will participate in actions intended to affirm the truth of 
preliminary information. Doing so includes comparing information with others and seeking 
alternative sources of information. After this process of affirmation, individuals make an 
initial assessment of relevant risk, attaching individual meanings about how the event is 
relevant to their lives; individuals must believe the risk is valid and individually relevant to 
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their livelihood in order to react. Each event’s situational update is reprocessed in a like 
manner, thus making it a response series (Mileti and O’Brien, 1992, 41). Information should 
be consistent, certain, frequently repeated, and confirmed by authorities in order to be 
received as valid (Mileti and O’Brien, 1992, 42). 
     The characteristics of individuals who are receiving risk information, influences their 
perceptions and actions. Impressions are shaped by demographic data including age, gender, 
educational level, ethnicity, and social class, as well as network characteristics, such as 
family unity, social ties, and community bonds. All these factors aid residents in making 
decisions (Tobin et al., 2011, 711). Resource characteristics, such as transportation access 
and financial ability, afford residents the ability to access options and act accordingly. The 
information source and degree of repetition are also relevant (Mileti and O’Brien, 1992, 42). 
Finally, individuals must believe that a positive outcome is possible (Paton et al., 2007, 186). 
 
Hazard Education and Programming 
     There are several reasons why providing education lends itself to ineffectiveness. Most 
public education programs are designed around the simplistic notion that if a resident is 
provided with information about hazards, residents will prepare. First, area residents over 
estimate their personal levels of knowledge and preparation, resulting in less attentive 
behavior toward new information (Paton et al., 2008, 182). Commonly, residents will 
confuse actual knowledge with knowing where to find knowledge, such as going to a phone 
book. Second, residents view hazardous areas in a more optimistic view than is scientifically 
realistic, resulting in declined risk perception. Overly optimistic views of safety diminish the 
adoption of protective measures. Paton et al. (2008) recorded findings of residents in a 
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volcanic area and found that residents rated their hazard readiness levels higher in relation to 
other community members. Although a statistical improbability, residents repeatedly 
reported themselves as being less vulnerable and more skillful than the average community 
member (Paton, D., Millar M., and Johnston, D., 2001, 59). 
     The social context of risk perception is very important in the role of effective hazard 
education. People’s concept of risk is shaped by the views and choices of others in the 
community. People turn to other community members to educate themselves about hazard 
uncertainty and for guidance about hazard preparations. When emergency management 
agencies utilize community participation, helpful hints can be obtained to effectively institute 
methods of information dissemination. Communities are not homogenous groups, and hence, 
variations in education methodology need to be considered and implemented to reach all sub-
groups of a community (Paton et al., 2008, 183). 
    In delivering effective hazard education, trust and empowerment are important elements. 
At the onset of an emergency situation, uncertainty within the community exists. Viewing 
resources as trustworthy and reliable is imperative. Area residents must feel comfortable in 
articulating problems and gaps in a community’s knowledge so clarification can take place. If 
emergency personnel and sources are not approachable, knowledge gaps run the risk of being 
filled with improper information from unreliable sources.  Only with proper knowledge is it 
feasible for residents to make realistic assessments and better choices about personal risk. 
Realistic assessments about personal risk drive residents to empower themselves to institute 
preparation and mitigation measures, gaining mastery over their personal hazard situation.  
Residents must be able to meet their own needs, with the aid of civic agencies, for a period of 
time. Hazard education can be a difficult task because there is no exact link between 
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awareness, perceived risk, desired preparations and behavioral responses (Haynes, Barkley, 
and Pidgeon, 2008, 260).     
     Working with populations that live in geologically active areas requires trust and 
community engagement. It is suggested that lay people and authorities forge partnerships to 
make decisions about risk (Paton et al., 2008, 187); (Slovic, 2000) and at the same time 
ensure that such partnerships are equitable (Haynes, Barkley, and Pidgeon, 2008, 260). By 
establishing these partnerships, government’s officials can demonstrate commitment to 
results which tends to be the largest indicator of municipal trust and credibility. Other 
indicators of trust included competence, caring, predictability, fiduciary responsibility, 
objectivity, fairness, and goodwill (Peters, Covello, and McCallum, 1997, 4). 
    Severe risks can impede civil liberties for the safety and security of society. This can lead 
to segments of societies or nations having different fundamental views about what 
approaches should be taken to secure an area because stakeholders view problems through 
different lenses. This, in turn, can also happen with different groups within a society (Adler, 
2005, 28). Perhaps, the best way to integrate society with stakeholders is to make community 
members involved with the process – again the partnership approach. Community 
engagement can be used as a management and educational tool to empower residents to 
“own” a suitable course of action. As a group, when members go through the process of 
improvising to establish a satisfactory plan, the ownership creates acceptance and 
understanding.  
    Building a program that is effective in one community may not work well in other 
communities. It is through direct understanding of its residents, their limitations, and their 
ability to effectively contribute to planning and preparedness that effective programs flourish. 
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Working with the efforts of the community as an engaged process promotes usability for 
residents, as joint stakeholders in the decision making process. The team approach fosters 
education and trust, and keeps society’s members reactive and responsible. 
 
Building Community Resilience 
     Vulnerability, coupled with the lack of predictability, nature, timing, duration and location 
increase the importance of building resilient communities (Gregg et al., 2003, 180). 
Mitigation and preparedness are key components in establishing community resilience. 
Effective resilience draws upon resources which are available for facilitating adaptation 
when dealing with disruption and/or loss associated with disasters, including an individual’s 
ability to use personal and community resources (Paton, 2003). Lack of effectiveness could 
result in unnecessary loss of life and property. For this reason, risk reduction strategies 
should be at the forefront of consideration for civil defense, political entities and emergency 
management officials.  
      One obstacle that creates an incomplete understanding of hazard readiness for the 
individual and communities at-large is the reaction to outreach activities prior to the onset of 
a crisis.  When preparedness education focuses on the physical attributes of a hazardous 
volcanic event without the educating residents about the effects, risk reduction behaviors 
may not follow. People must recognize their vulnerability to increase a warning’s 
effectiveness and increase preparedness (Gregg et al., 2003, 180).   
     Research has been conducted at fundamental levels to give us a primary measure of what 
is necessary to build community resilience. Further research is required to underline the 
factors that contribute to population variables because current hazard mitigation strategies 
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tend to focus on the establishment of resilience plans rather than compensating for loss and 
deficit (Gregg, 2003, 181). Campaigns in Hawaii, for instance, have focused primarily on 
volcanic gas emissions, as its most frequent occurrence, followed by lava flows, then tephra 
fallout (Gregg et al., 2003, 182). In the modern-day Puna district, it is presumed that if there 
is a lava flow in an inhabited area, evacuation will take place. Present plans do not involve 
engineered diversion measures (Gregg et al., 2003, 183). 
     It is evident throughout the literature review that research into hazards still has many gaps. 
Although many researchers provide information that is critical to moving forward, many 
attempts to explain beliefs and behaviors about volcanic crisis are conflicting. New questions 
are raised and barriers involving segmented demographic groups and cultural influences 
require further exploration. This research focuses on some of these concerns. 
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Chapter 3 
Study Area 
 
Introduction 
     The research site selected included the Puna District on the Big Island of Hawaii which 
has settlement patterns that expose residents to volcanic risks, particularly gas emissions and 
lava flows linked to the ongoing eruptions of Kilauea.  This is a concern because the Puna 
district is the fastest growing population in the state (US Census, 2010).  On days when the 
trade winds are less active, Puna residents may be affected by poor air quality. In addition, 
lava flows are always possible. Also geothermal systems are a risk which could introduce 
heightened water temperatures at hot springs which are frequently used for recreation as the 
result of changes in magma movement in the subterranean soil, surrounding crust, and its 
proximity to geothermal ponds. 
     Hawaii is located on the interior portion of the Pacific Plate, which is traveling in a 
northwesterly direction. The Big Island is presently situated over a hotspot which is a 
roughly stationary location where magma is emitted from the mantle, forming new land as 
lavas erupt nearly continuously. As the Pacific Plate moves over the stationary Hawaiian 
"hot-spot," the Big Island of Hawaii, and others which preceded it, have resulted in land 
formations from erupting volcanoes. On the Big Island, five volcanoes formed land masses 
and fused together into one island formation, shown in Figure 3.1. They are Kohala, Mauna 
Kea, Hualalai, Mauna Loa, and Kilauea (http://pubs.usgs.gov/gip/dynamic/Hawaiian.html, 
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retrieved on January 10, 2011).  As shown in the digital elevation model, Figure 3.2, the 
Pacific plate continues its movement in a west-northwesterly trajectory. Future land, which 
will be formed from volcanic activity, will continue to add to its land mass and eventually 
form a new island to its southeast.  
 
 
Figure 3.1 Topography/Elevations 
Source: Geography.about.com, 8/14/2014 
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 Figure 3.2 Image of Hawaiian Islands Chain Trajectory Path 
Source: http://pubs.usgs.gov/gip/dynamic/Hawaiian.html, 8/14/2014 
 
 
      Many of the people who reside in this area have an affinity for the native culture of the 
area and folklore is an important aspect of the Native Hawaiian culture. Historically, 
preservation of Native Hawaiian cultures has been sustained by word of mouth passed from 
generation to generation. Part of this folklore includes the concept (existence) of Pele, 
Goddess of Fire. Indeed, the Native Hawaiians’ polytheistic religion pays tribute to Pele, 
Goddess of Fire, and has been influenced by the volcanic processes of Kilauea. 
“To this day, tales of Pele's power and peculiarities continue. Encounters with Pele 
include those of drivers who pick up an old woman dressed all in white accompanied 
by a little dog on roads in Kilauea National Park, only to look in the mirror to find the 
back seat empty. Pele's face has mysteriously appeared in photographs of fiery 
eruptions, and most people who live in the islands-whether Christian, Buddhist, 
Shinto, or others speak respectfully of the ancient goddess. After all, she has 
destroyed more than 100 structures on the Big Island since 1983, and perhaps even 
more awesome than that, she has added more than 70 acres of land to the island's 
southeastern coastline (Fullard-Leo, 2011, no page).”  
 
       It is argued that respect abounds with beliefs that her spirit currently oversees the events 
of the present eruption of Kilauea. As science has advanced, so too has traditions and myths 
evolved, but Pele remains a focus of the residents living around the volcano. Thus it is 
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important to understand not only Kilauea’s activity and respective hazards but also the 
human dimension and cultural beliefs that may influence behavior. 
     The historical scope of Kilauea’s eruptive history dates back approximately 300,000 to 
600,000 years (http://hvo.wr.usgs.gov/kilauea, retrieved March 24, 2012).  Kilauea stands 
over 4800 meters from its submerged ocean base to its summit and is one of the most active 
volcanoes on Earth. Kilauea’s eruptive patterns are dissimilar to that of its neighboring 
Mauna Kea and Mauna Loa where the predominant activity of volcanoes is from massive 
overflows at the summit area, followed by caldera infilling. When compared to Mauna Loa 
and Mauna Kea, Kilauea is currently more likely to have fissure eruptions. A fissure ensues 
when lava and gases break through the earth’s surface, often far away from the summit of the 
volcano. The presence of potential fissure eruptions provide heightened risks to a larger 
footprint of residents who dwell in the lower topographic areas of Hawaii (Kenhon, retrieved 
January 19, 2013). In 2013, when the present survey was conducted, lava and gases were 
present both at the summit of Hale’mau’mau and at Pu’ u’ oo.     
Kilauea is the youngest volcano on the Big Island. Gregg (2005) reported that 90% of 
Kilauea’s surface is younger than 1,100 years old and 70% is younger than 500 years old. 
The volcano has erupted 58 times between 1823 and 1982, with the last eruption starting in 
1983 and commences onward to the present, destroying the community in Kalapana, 
formerly known as Royal Gardens. To date, in the Puna district of Hawaii, 189 buildings 
have been destroyed.  Lava flow hazards, acidic water and vog are community concerns. 
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Vog 
     This long term eruption, starting in 1983, continuously emits sulfur dioxide which is 
carried downwind by trade winds.  The presence of “vog,” a locally coined phrase for an 
acidic haze in the atmosphere of volcanic smog, is common on days with limited airflow by 
tradewinds (Gates and Ritchie, 2007, 275).  
“Vog is volcanic smog, a white, fog-like haze with the pungent odor of a just struck 
match. It forms when the sulfur dioxide gas belched by a volcano mixes with water 
vapor and oxygen in the presence of sunlight” (Weir, 2008, 8).”  
 
     The perception that respiratory inflammation is present in Puna persists (USGS-B, 2010) 
and it is not uncommon for volcanic gases to affect areas that are as far as 100 miles from the 
volcano. For those employed in close proximity to volcanoes and fumarole gases, additional 
occupational hazards are present.  
      In the 2000’s, greater emphasis has been given to assessing the potential health hazards 
of living in close proximity to Kilauea. Longo’s study was the first epidemiological 
estimation with qualitative descriptions of cardio-respiratory health effects from volcanic 
pollution. After nearly three decades of eruption, the area can be considered a natural 
laboratory for observation of those chronically exposed to volcanic gases. Symptoms are 
increased incidence of cough, phlegm, rhinorrhea, sore and dry throat, sinus congestion, 
wheezing eye irritation and bronchitis with 40-90% being absorbed by the upper respiratory 
ystem. Ambient and indoor air quality measurements are above the international standards 
set forth by the World Health Organization (Longo 2008, 23). 
     Monitoring data are collected at the Hawaiian Volcano Observatory, operated by United 
States Geological Society. These data show that  water vapor, carbon dioxide, and sulfur 
dioxide are the main gases released and that on occasions  hydrogen sulfide, hydrogen, 
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carbon monoxide, hydrogen chloride, hydrogen fluoride and helium all contribute to the 
pollution of air (USGS-D, 12/10/2011). The greatest risk is posed from sulfur dioxide, carbon 
dioxide, hydrogen fluoride and hydrogen sulfide.   
        Although explosive events are possible, Kilauea is believed to be one of the most 
forecastable volcanoes and is known for usually having non explosive eruption patterns 
(USGS-A, 2010). In addition, the Civil Air Defense takes measurements of gases at Hawaii 
Volcanoes National Park and surrounding areas and other monitoring is done in Hilo and 
Kona (Floyd, 2005, 29-30). These data are available online and at the Hawaii Volcanoes 
National Park.      
          Kilauea’s effusions are generally low intensity flows, creating an underestimation of its 
explosive abilities by area residents (Gregg, 2005, 15). The volcano plumbing systems of 
Mauna Loa and Kilauea are thought to be interconnected, although arguably, sharing a 
magma source. Differentiation in conduit sizes and density leave some volcanologists 
debating this fact, stating that it is possible for Mauna Loa to erupt without causing overflow 
at Kilauea. The validity of these arguments has the potential to affect large areas of land and 
its inhabitants (Barnard, 1995, 6).    
     Hawaiians are subject to many volcanic hazards as the result of living in a geologically 
active area. Such hazards include lava, tephra, volcanic bombs, and ash falls.  Because of 
prevailing winds, ash fall can be spread over vast areas of land; lava flows can cover 
residential areas, destroying homes and possessions; and lahars could be a concern in the 
event that Mauna Loa returns to an active state of eruption. Furthermore, landslides and shelf 
collapses can also endanger inhabitants.  
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     In March 2008, the southeastern portion of the Big Island of Hawaii, known as Puna, in 
the Kalapana vicinity opened a new vent posing new concerns related to human health (Weir, 
2009, 8). Although the main vent has been spitting out gases for seventy seven years, the new 
vent has increased the amount of “vog” affecting the island. At the time of Weir’s article, the 
emission rate was 2,000 to 4,000 metric tons of gas dispersing per day. In comparison, 
according to Weir (2009, 9) this is 6,000 times the amount of sulfur dioxide of the pollution 
of the worst coal mine on the planet. 
     Generally, volcanoes emit gases in a stacked effect (Weir, 9). This means that they are 
propelled into the atmosphere with pressure from the heat and force of the eruption. The 
speed of gas movement depends on the points of ejection. Ejections in the troposphere yield a 
more localized transit of gases for dispersal when compared to a larger scale eruption that 
ejects gases into the stratosphere for a more widespread distribution.   
     During a quiescent period, ground gases from vents lying in the local landscape can be 
emitted slowly and without significant pressure so that they gather at ground level, because 
they are denser than air. Gases are generally harmless unless they collect in large stationary 
amounts in a low lying area, where, in high doses, carbon dioxide and sulfur dioxide can be 
lethally asphyxiating (USGS-D, 2010).                
     Gases not only move through the air, but also through the soil and hydro-geothermal 
waterways.  The overturn of Lake Nyos in Cameroon is perhaps the most recent large scale 
example of this effect (Noji, 1997, 192). At Lake Nyos, carbon monoxide had been gathering 
at the bottom of the lake. It was disturbed by seismic activity which released the gas like a 
bubble making its way to the surface. Once it was dispersed onto land, it settled into low 
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lying areas, killing locals and livestock. Vents and fumeroles that have never produced any 
lava may emit gases (Volcanic Hazards on Hawaii, vulkner.com, October 10, 2010). 
     Currently, the eastern portion of the caldera, located near Carter Rim Road, is most active 
in the degassing process (Hager, Gerlach, and Wallace, 2008, 875).   Generally, trade winds 
blow most emissions toward the southward end of the island in the Ka’u district, shown in 
Figure 3.3, in the communities of Pahala, Naalehu, and the Ocean View community. Seventy 
percent of all trade winds are in this direction. Most days, wind patterns carry the emissions 
to the Ka’u District located in the southwest of the park. An example of a trade wind gas 
trajectory varies by day but can be expected to commonly look like the cited example below 
(Figure 3.4): 
 
 
Figure 3.3 Tradewind Movement 
Source: Longo et al., 2008 
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Figure 3.4 Trade Wind Gas Trajectory 
Source: Hawaii Volcano Observatory, 2011 
 
 
     The work of Longo et al. (2008) best outlines the wind’s travel patterns and its influence 
on the surrounding geography. They hypothesized that the proximal ground-level assessment 
of sulfur dioxide gas and fine aerosol in the volcanic gas plume would be elevated downwind 
from Kilauea Volcano. They 
    “attribute decrease of SO2 with altitude to rapid oxidation as diurnal wind patterns 
blow the plume from oceanic terrain landward to more abundant oxidation sources. 
Aerosol increase with altitude likely reflects emission of H2SO4 from Kilauea, 
supplemented by oxidation of SO2 in atmospheric hydrosols. Kau residents are 
exposed to volcanogenic pollutants at concentrations that warrant concern for adverse 
health effects (Longo et al., 2005, 217).”   
 
     They found that the Ka’u district was often dangerously affected in morning hours by 
hazardous levels of gases and aerosols (Longo, et al. 2005, 217). They expected to find that 
concentrations of sulfur dioxide would deplete with distance, but data did not substantiate 
this. Because of the shape of the southern portion of Hawaii, gases flow off the land to the 
ocean water before frequently blowing back onto the land (Longo, et al. 2005, 219). The 
Longo et al. (2008) study was one of the first taken to measure health variables of Hawaii 
residents who live on the flanks of Kilauea. However, the research was performed as a 
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survey of opinions and better reflects the perceptions of a risk to health, than the risk itself. 
This is important because people are probably more likely to evacuate from a situation when 
the perception is present that a volcano is a risk to health (Tobin et al., 2011, 708). 
     In affiliation with health professionals and the Hawaii County Civil Defense Director, 
recommendations are made to citizens involving air quality issues. Understanding issues 
involving volcanic pollution and enhancing public awareness is the first step to a healthy 
community. Many residents complain about vog exposure, the most common being watery 
eyes, headaches, respiratory difficulties, sore throat, flu and fatigue (Longo et al., 2005, 217-
218). Other concerns arise with the presence of acid rain and lead contamination, a 
consequence of the acidic environments. Government officials admit that not much is known 
about the health effects of vog and academic research is limited (USGS-C, 2010) thus far. 
     Buist and Bernstein (1986) reported that most research has been anecdotal rather than 
experimental or observational arriving at the conclusion that hazard research is lacking. 
Tobin et al., (2011) also acknowledged that the effects of volcanic activity on mental and 
physical health related to a volcanic environment is limited with some research directed at 
the 1980 eruption of Mt. St. Helen. The research conducted within this thesis serves as a tool 
to bridge some of the gaps which are sighted in Buist and Bernstein’s work. 
 
Lava Flow Hazards in the Puna District 
    Starting in 1950, a series of earthquakes announced Kilauea’s emergence from a period of 
dormancy and in 1954 magma began rising to the summit. On February 28, 1955, lava 
flowed through fissures along the rift zone, spreading in a down-rift direction at a heightened 
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speed. By March, flows entered the Puna region resulting in concerns for the sustainability of 
life in Kapoho village (Kenhon, no date; Gregg et al, 2008, 110). 
     Further eruptions occurred after the eruption of Kilauea Iki lasting from November 14
th
 to 
December 20, 1959, with earthquakes centered near Kapoho.  On January 10, 1959 lava 
broke out in three sugar cane fields near Kapoho and within three days, the village was 
affected (MacDonald, 1962, 259).  The eruption lasted just over one month, completely 
destroying the village, crops and many personal belongings (Lachman and Bonk, 1960). The 
volume of lava during this event was 113 million cubic meters (Macdonald, 1962, 259). In 
the days before the eruption and through the first night of the eruption over 250 people left 
their homes, preventing loss of life and no one tried to shelter in place (Lachman and Bonk, 
1960).  After 5 years of periodic inundation, Kapoho was a total loss.  
      This is not the only time the Puna district of Hawaii has experienced lava flow. Most 
commonly known and studied are eruptions that resulted in lava coverage of lands from the 
Thurston Lava Tube, in and around the 15
th
 century. This was a time when summit eruptions 
were less common and lava tubes were heavily responsible for the transit of lava from its 
magma source (Kenhon, no date). 
     The volcanic activity has been mapped showing probabilities, rift zones, previous lava 
flows, proximity to eruption sights, and the steepness of the ground slope (Gregg, 2005, 11). 
The map, called the Lava Flow Hazard Zone Map, shows 9 zones, (Figure 3.5) ranked from 
1, the highest probability, to 9, the lowest probability of risk. The Pahoa area, inclusive of the 
Kapoho village area, is ranked as a zone 1 lava flow area (see Lava Zones in Lower Puna  
Figure 3.6), . This map is used to categorize risk by municipalities, insurance companies and 
for banking purposes.  
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Figure 3.5 Lava Zones Big Island  
Source: Pubs.usgs.gov, 8/14/2014 
 
Figure 3.6 Lava Zones in Lower Puna 
Source: Pubs.usgs.gov 8/14/2014
      
     In the earlier part of the last century, attempts were made to stem lava flow by altering the 
direction. Several techniques were proposed including aerial bombing and diversion 
walls/barriers and dikes.  With appropriate sloping, the use of diversion walls is theoretically 
possible. In the absence of appropriate sloping, construction of dams may work depending on the 
quantity of lava. In Kapoho, diversion walls were not feasible in all areas because of the lack of 
appropriate ground slope. In the absence of such slopes, a reasonable flow gradient could not be 
established to demonstrate effective mitigation abilities.  To prevent lateral spreading in areas 
where walls were not appropriate, dams were built to aid the flow of lava travel in the directions 
which posed the least anthropogenic risk. The walls were continuously evaluated for 
effectiveness. In some circumstances, the walls delayed the advancement of lava, but the 
mitigation plan in its entirety was eventually overtaken by the sizable volume of lava within the 
area (Macdonald, 1962, 249). 
     Aerial bombing can be useful to break down channels and lava tubes or to clog them and is 
most useful when the target location is high in the mountainside. This approach will distribute 
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the lava in the immediate area which is being bombed, accelerate cooling which slows or stops 
the advancement of lava.  In the late 1930’s and early 1940’s, the use of aerial bombing was 
utilized effectively in several instances for flows from Mauna Loa. For this reason, the use of this 
technique was explored during the Kapoho eruptions. In the Kapoho eruptions, the lava was 
already in the area via fissures and it was proposed that bombing near the shoreline would open 
up channels to expedite the transportation of lava to the ocean, minimizing the spread of lava 
across the land. However, no blocked channels could be identified and the possibility of bombing 
was eliminated (Macdonald, 1962, 249). 
     Lachman and Bonk’s research, later analyzed by Gregg et al., was a good measurement tool 
to assess the impressions of residents about the techniques of disaster mitigation, dikes and 
bombing.  My research served as a tool to assess the shift in opinion about these historical 
techniques.  
 
Geography 
      The Big Island of Hawaii includes 11 of the 13 climatic zones. The only climatic zones that 
are absent are the Saharan and Arctic climates. They are spread out over 4,028 square miles of 
territory, growing daily. The topography of Puna is generally flat and lower in elevation, ranging 
from sea level to approximately 2000 feet above sea level as shown in Figure 3.7. 
     The Puna district is located to the east side of the island (Figure 3.8).  Populations are 
generally situated at seaside elevations, with some exceptions in the vicinity of the Hawaii 
Volcanoes National Park and Hawaii Volcano Observatory. In that area, residents are located in 
towns such as Kurtistown, Hawaii, and Volcano, Hawaii (US Census, 2010).  Both of these 
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towns are located on the windward side of the island in close proximity to the entrances of the 
national park.  
     Roads can be a challenge. Figure 3.9 shows a road map as a reference. It is common that the 
road system is limited, lacking pavement on some roads.  Highway 130 is the main egress into 
and out of the area, potentially posing traffic related difficulties in the event of a large scale 
evacuation. 
 
 
 
Figure 3.7 Map of Hawaii Elevations 
Source: adapted from Bigisleproperties.com, 8/14/2014 
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Figure 3.8 Longitude and Latitude 
Source: Punaridge.org, 8/14/2014 
 
 
     The tropical climate lends itself to temperatures consistent throughout the year, with an 
average high temperature of 82-88 degrees and an average low temperature of 65-68 degrees 
(Table 3.1). Rainfall amounts vary from sixty inches to over three hundred inches, with a vast 
concentration of study participants living in areas which receive 80-140 inches.  Rainfall 
surpasses 200 inches per year in higher elevations and this contributes to the water supply for the 
residents of Puna (Figure 3.10).  
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Figure 3.9 District Street Map 
Source: Hiloagent.com, 8/14/2014 
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Demographic Information Overview 
     The Big Island of Hawaii is lightly populated, with most people concentrated around the Hilo 
and Kona areas. Most residents are employed in service, tourism or agriculture. Census data 
show significant population changes. In 1960, the population for the County of Hawaii was 
61,332, down from the 1950 census statistic of 68,350 residents. Of these, 5,030 resided in the 
Puna district, which also recorded a population decline from 1950, when the Puna population 
was 6,747. Beyond, population count, little information was stored for public access at district 
levels at this time (Schmitt, 1968, 117). 
     By 2000, the overall population of the County of Hawaii, known as the Big Island, was 
821,726 with a total household count of 297,103. The population density of the island is now 
129.9 people per square mile with 47 houses per square mile. Puna is less densely populated than 
Hilo and Kona.  
     Hawaii is ethnically diverse. Only 71.6 percent of the population identifies with being solely 
of one race and 30.5 percent reported being white alone. Meanwhile, 26.7 percent of the 
population is Asian, of these, 13.6 percent are Japanese. Additionally, 11.2 percent identify as 
being pure Hawaiian decent. There is a wide distribution of other Asian and Pacific Island ethnic 
affiliations. Many people consider themselves to be a combination of races. Common responses 
for multi-ethnic responders where white (52.1%), Asian (47.7%), and Native Hawaiian (31.0%).  
For household types, 69.6 percent of responders designated their home as accommodating a 
family. Of family households, 37.5 percent contained children under the age of 18. The traits of 
Puna residents are similar to the other districts (Table 3.2). 
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Figure 3.10: Rainfall Map in Inches 
Source: Bigislandrealestate.com, 8/14/2014 
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Table 3.1 Temperature Comparisons in Degrees Fahrenheit 
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Kohala Hawi 96719 
77/
63 
77/
63 
76/
64 
77/
65 
78/
66 
80/
67 
80/
68 
81/
69 
82/
69 
81/
68 
79/
67 
77/
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Kohala Kamuela 96743 
77/
63 
77/
63 
76/
64 
77/
65 
78/
66 
80/
67 
80/
68 
81/
69 
82/
69 
81/
68 
79/
67 
77/
65 
Kohala Kapauu 96755 
77/
63 
77/
63 
76/
64 
77/
65 
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66 
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67 
80/
68 
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69 
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69 
81/
68 
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67 
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Kee'au Kurtistown 96760 
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63 
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View 
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Source: Adapted from Weather.com, 8/14/2014 
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Table 3.2 Area Demographics 
 
Area Demographics 2010 
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1 Race Identity (%) 70.1 73.4 62.7 68.7 69 66.3 69.4 75.7 78.4 71 71.5 68.4 
 
White (%) 35.7 38.8 23.2 28.7 37.2 35.5 36.4 47.2 56.1 27.3 36.3 11.3 
 
Black (%) 0.4 1 0.1 0.5 1 0.6 0.8 0.5 1.3 0.9 0.3 0.2 
 
Asian (%) 18.6 23.9 27.6 27.7 21.1 16.4 16.7 18 6.3 28.4 19.9 45.8 
 
Pacific Islander (%) 14.5 8.1 10.2 10.3 8 11.5 13.4 8.3 11.3 13.3 13.3 10.6 
 
Multi Race (%) 29.9 26.6 37.7 31.3 31 33.7 30.6 24.3 21.6 29 28.5 31.6 
 
    Partly White  58.2 56.4 48 52.2 60.5 61 58.6 65.2 71 46.2 54.6 29.1 
 
    Partly Asian 39 46 59.9 50.5 41.3 39.1 37.2 34.1 18.4 47.7 40.5 72.2 
 
    Partly Native Hawaiian  36.5 27.3 37.5 31.2 25.1 35.1 34.7 25 26.4 35.8 34.8 34.2 
E
d
u
ca
ti
o
n
 %
 
9th Grade and Lower 4 7.3 7.4 8.4 4.3 5.4 5.8 5.7 0.6 9.2 5.1 20.1 
High school- no diploma 6.4 10.5 9.5 8.6 10.4 13.8 11.7 11.2 10.9 9.4 10.3 18.2 
High School or GED 29.8 31.1 43.3 31.2 23 29.4 34 26.5 35.7 35.7 31.7 33 
College- no degree 22.4 24.2 19.9 23.4 26.8 26.5 24.9 21.5 29.1 28.5 23.6 12.8 
Associate's Degree 7.1 4.8 6.7 9.1 13.3 10.3 7.8 7.6 5.9 6.2 6.7 6.5 
Bachelor's Degree 18.3 16.5 9.4 13.4 16.7 11 9.8 16.8 10.9 8.5 14.4 8.1 
Graduate Degree 12 5.6 3.8 5.9 5.6 3.7 6 10.8 6.8 2.4 8.4 1.3 
E
m
p
lo
y
m
en
t 
(%
) 
Managerial/Professional 33.7 30.5 19.6 31.6 32.8 31.5 25 36.1 24 31.5 32.9 18 
Service 28.1 28.9 33.6 14.9 15.7 25.3 20 20.7 20.4 16.8 18.6 23.6 
Sales/Office 19.4 17.2 23.9 24.7 18.8 19.6 24.1 23.5 24.9 17.9 24.3 16.2 
Fishing/Farming/Forestry 4 2.2 4 8.2 2.6 3.3 8.3 3 3 10.1 4.7 22.5 
Construction 8.3 12.7 11 9.7 19.9 8.8 11.7 8.9 19.1 13.3 12.6 10.3 
Production and Transit 6.4 8.5 7.9 10.7 10.1 11.6 10.9 7.7 8.6 10.4 6.9 9.5 
A
n
n
u
al
 H
o
u
se
h
o
ld
 I
n
co
m
e 
(%
) 
less than $10,000 2.7 5.8 6 11.2 12.3 8.8 16.3 5 8.9 11.1 5.1 10.8 
$10,000-$14,999 1.6 2.8 1.5 4.9 4.7 13.8 7 4.8 9.9 6.6 4 9.9 
$15,000-$24,999 6.8 8.8 11.8 13.1 14.4 13.2 15.2 10.5 15.9 14.6 12.5 14.8 
$25,000-$34,999 9.8 13.4 8.6 14.4 15.9 11.4 14.7 12.2 17.1 12.6 13.5 20.4 
$35,000-$49,999 19.9 16.4 18.4 19.3 11 24.1 18.2 19.1 20.9 19 17.5 16.4 
$50,000-$74,999 24.6 29.4 28.9 21.1 17.5 14.4 17.9 22.9 15.2 20.3 19 15.6 
$75,000-$99,999 15.3 10.2 15.2 8.7 11 10.2 5.9 10.2 3.4 7.7 15.2 7 
$100,000-$149,999 12.5 10.9 7.9 5.8 13.3 0.9 3.9 9 3.6 5.1 8.3 4.6 
$150,000-$199,999 2.8 0.7 1.9 1 0 3.1 0.5 4.8 4 2.2 2 0.5 
over $200,000 4.1 1.6 0.1 1.4 0 0 0.4 1.4 1.1 0.2 2.9 0 
         Source: adapted from US Census, 2010. 
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Chapter 4 
Research Design and Methods 
 
      Research took place in the December of 2013 to determine the perception of risk present in 
the Puna district on the Big Island of Hawaii.  
 
Problem Statement 
     This thesis serves as a tool to gather information related to opinions about cultural beliefs, 
hazard mitigation tactics, and volcanic hazard exposure around Mount Kilauea on Hawaii. Of the 
Big Island of Hawaii’s five volcanos, Kilauea was the last volcano to form.  It is located on the 
southeastern portion of Hawaii’s Big Island. To its east and west, reside small rural communities.  
Kilauea is believed to be one of the most consistently erupting volcano on earth, known for its 
eruption patterns which are generally non explosive (USGS, 2010) but which pose risks from 
sulfur dioxide, carbon dioxide, hydrogen fluoride and hydrogen sulfide. Hydrogen sulfide is also 
emitted from hot spring systems throughout the island. Therefore, residents on the Big Island live 
in an environment that exposes them to the elements of volcanic activity including gaseous 
emissions and potential lava flows. For neighborhoods that lie in proximity to East Rift zones 
fissures, lava inundation becomes an additional risk.  
     The risks that exist in the areas which surround Kilauea are not new. In 1960, a volcanic 
eruption destroyed Kapoho, a village in Puna and the focus of Lachman and Bonk’s study.   The 
present work was undertaken in 2013 to re-assess and compare the beliefs residents have about 
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the risks that exist in the Puna district.   The survey expanded the parameters of the previous 
work to measure hazard knowledge, the trust that participants had in science and government, 
and perceived safety.  The statistical data were compared to the survey results from 1960 and 
statistical analysis was conducted to analyze current opinions and beliefs within the 2013 
population based upon demographic differences. 
     It is important to understand how residents respond to the possibility of disaster if mitigation 
strategies are to be effective.  Through better knowledge of the beliefs of local residents, plans 
can be improved to aid residents in making informed decisions. Inviting community input into 
the disaster planning process can also assist administrators in gaining community confidence, 
cooperation, and support. 
 
Study Objectives 
The overall objectives of the study were to: 
 Designate risk areas by geographic locale and lava risk zone classifications 
 Conduct a survey of the perception of risk resulting from volcanic hazards for the  lower 
Puna region’s population 
 Compare findings to Lachman and Bonk, 1960 (analyzed by Gregg, 2005) 
 Compare findings of present day research for demographic variations 
 
Research Questions 
The results of the study addressed the following eight questions: 
1.) Is there a statistically significant difference between participant responses to surveys in 
2013 from the responses obtained by Lachman and Bonk in 1960? 
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2.) Can participants correctly identify the lava zone which their home lies within? 
3.) Is there a statistically significant difference in responses of 2013 participants based upon 
ethnicity? 
4.) Is there a statistically significant difference in responses of 2013 participants based upon 
gender? 
5.) Is there a statistically significant difference in responses of 2013 participants based upon 
age? 
6.) Is there a statistically significant difference in responses of 2013 participants based upon 
income? 
7.) Is there a statistically significant difference in responses of 2013 participants based upon 
education? 
8.) Is there a statistically significant difference in responses of 2013 participants based upon 
the time of residence in the Puna District? 
 
Study Methodology, Sampling and Analysis  
     The questionnaire was conducted in person at gathering places of local residents. A “local” 
interviewer who is familiar with the area was hired three weeks before the survey administration 
took place and assisted in data collection. The “local” interviewer was trained in the proper 
administration of the survey. She remained in the role for the duration of the survey 
administration. Gathering places included the Macu’u Farmers Market, S.P.A.C.E Farmers 
Market, a holiday parade, local parks, bakeries, the community pool and food markets with most 
locations visited more than once. Participants had to be a resident of the lower Puna area, which 
included residents of neighborhoods off roads 130 and 137 in the Puna District: Hawaiian 
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Beaches, Hawaiian Shores, Nanawele Estates, Pahoa, Ainaola, Kapoho, Black Sands and 
Kalapana.  
     The adult population of the area was estimated at 8,964 adults (US Census, 2010).  In order to 
acquire a 95% confidence level, with a margin of error of 2.5 percent, it was estimated that 368 
surveys would be necessary. A total of 265 were obtained providing a margin of error of plus or 
minus 6 percent. SPSS software was used to derive descriptive statistics and chi-square was used 
in the analysis. Because no SPSS test exists to test non-parametric, categorical data from two 
data sets, a descriptive comparison was reported for the differences in 1960 and 2013 data. Chi-
square was used for all computations of modern data sets. 
 
The Questionnaire 
     A questionnaire was used to measure the responses of area residents in regard to perceptions 
of risk from lava flow, gas exposure, and belief in Pele, Goddess of Fire. The questions were 
close-ended questions.  The questionnaire consisted of an introductory statement and five data 
sections of lava hazard knowledge, mitigation opinions, trust, safety perceptions and cultural 
belief systems. Demographic information was also collected. The survey data were used to 
determine the potential associations between geography and perception of risk. The 
questionnaire is included as Appendix B.   
 
          Survey Introduction and Informed Consent 
     The survey preamble welcomed the participant to the study and explained its purpose and 
introduced the principal investigator as a graduate student in pursuit of a graduate degree. 
Additionally, it set the expectation that the information gathered would serve the community of 
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Puna by providing knowledge about attitudes and perceptions related to living in a volcanic area. 
Prior to the survey, potential participants received the disclosure of informed consent with a 
verbal description of its contents. A signature waiver was approved by the University of South 
Florida Institutional Review Board. 
 
          Part One: Basic Information Gathered about Current and Historical Knowledge and 
Opinions about Volcanic Hazards in Puna District 
     In the first part of the survey, questions were administered to collect data related to 
fundamental levels of understanding about living in an area which is volcanically active. Survey 
participants were asked if they knew within which lava zone they resided and if they knew when 
the last time a lava flow encroached upon the Puna area in which they reside. Additionally, the 
participants were asked to provide information about their ability to find suitable homeowners 
insurance. After that, questions were geared toward measuring opinions about evacuation 
preparedness, municipal trust and the accuracy of the science community in ascertaining credible 
volcanic hazard information. The last questions in this section asked participants to share their 
views about physical and health safety pertinent to living in an area with ongoing volcanic 
activity. 
 
          Part Two: Opinions about Pele, Goddess of Fire 
     The questions in part two and part three were an exact comparative measure from the 
responses gathered by Lachman and Bonk in 1960, and later analyzed by Gregg, et al. (2008).  
The questions asked in 1960 are shown in Table 4.1.  
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Table 4.1 1960 Responses: Belief about Pele, Goddess of Fire-Lachman and Bonk  
Statement: 
Yes 
(n) 
Yes 
(%) 
I 
don't 
know 
(n) 
I don't 
know (%) 
No 
(n) 
No 
(%) 
Total 
(n) 
Total 
(%) 
Eruptions may happen because 
people do bad things to Madam 
Pele 
37 23.1 54 33.8 69 43.1 160 100 
Some people have been helped by 
giving offerings to Madam Pele 
38 23.8 73 45.6 49 30.6 160 100 
Would You give gifts to Madam 
Pele? 
46 28.6 29 18.1 85 53.1 160 100 
Have you ever given gifts to 
Madam Pele? 
10 6.3 2 1.3 147 92.5 160 100 
Do you believe in Madam Pele? 61 38.1 42 26.3 57 35.6 160 100 
Many people believe in Madam 
Pele 
94 59.1 49 30.8 16 10.1 160 100 
   Source: Adapted from Gregg et al., 2008, 303-304. 
 
          Part Three: Perceptions about appropriate volcanic mitigation measures for lava 
flow risks 
     In Table 4.1, residents of Puna in 1960 were asked to respond to questions regarding lava 
mitigation. The results were analyzed more than four decades later. 
 
Table 4.2 1960 Responses: Mitigation Beliefs-Lachman and Bonk 
Statement: 
Yes 
(n) 
Yes 
(%) 
I don't 
know 
(n) 
I 
don't 
know 
(%) 
No 
(n) 
No 
(%) 
Total 
(n) 
Total 
(%) 
If you had time, would you help build dikes 
(stone walls) to hold back lava from the 
road? 
136 76 9 5 34 19 179 100 
Should soldiers bomb the lava to stop it from 
burning houses? 
10 5.6 54 30.5 113 63.8 177 100 
If you had time, would you help take 
(unload) the bombs from the trucks to bomb 
the lava? 
50 28.4 21 11.9 105 59.7 176 100 
Source: Adapted from Gregg et al., 2008, 303-304 
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          Part Four: Demographics 
     Basic data related to housing, marital status, gender, education, employment, income, age, 
nationality, and time of residence in the Puna district were collected. Additionally, participants 
were asked to select the neighborhood in which they reside so that further exploration about 
changes in perception based on small geographic distributions could be analyzed. 
        
          Part Five: Conclusion and Comments  
     The survey concluded by providing a statement of thanks for participation in the survey and 
offered a place for survey participants to provide any additional comments which they wished to 
provide.  
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Chapter 5 
Descriptive Statistics 
 
Introduction 
     In December of 2013, surveys were administered for 2 weeks, commencing on December 5, 
2013, 265 residents of the lower Puna District, (defined as zip code 96778) participated. 
Participants answered two screening questions affirming that they agreed to participate and they 
fit the residential requirement for participation. Within the survey population, one respondent 
verbally consented to participating in the survey but circled that he did not wish to participate 
and proceeded to fill out the survey. We have interpreted this as a misunderstanding of the 
question.  
 
Demographics 
     Within the participant group, 56% of participants were female. This disproportion may be 
attributed to the use of convenience sampling in the community areas such as at a parade, 
bakeries, farmers markets, grocery stores, a community pool, and community activities. The 
interviewers observed that male participants were also more likely to verbally decline to 
participate (Table 5.1.). Of the participants who participated more than half, 56.2%, identified 
with being a homeowner. One interesting component was that 9.1% of participants elected to 
refrain from answering this question. When the principal investigator inquired with the locally 
hired interviewer, the qualitative information was relayed that many people in the district have 
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unconventional living scenarios including tent living, jungle treehouses, “work trade” housing, 
house sitting, and transient lifestyles (Table 5.2.) The housing question should be amended for 
future research to better capture this data.  
 
Table 5.1 Gender 
Gender N Percent 
 Male 111 44.0 
Female 141 56.0 
Total 252 100.00 
Missing 13  
 
Table 5.2 Housing 
Housing N Percent 
Rent 78 29.4 
Own 149 56.2 
Live with Family 14 5.3 
Prefer not to answer 24 9.1 
Total 265 100 
      
     The reported incidence of being married was relatively low in relation to national standards as 
shown in Table 5.3. Only 36% identified as married. Although 42.8% of people selected “single” 
as their marital status, it seems that once divorced, people may have been arbitrarily selecting 
this choice over the “divorced” selection, with only 16% of participants reporting a divorce in 
their past.  
Table 5.3 Marital Status 
Marital Status N Percent 
Single 107 42.8 
Married 90 36.0 
Divorced/Separated 40 16.0 
Widowed 13 5.2 
Total 250 100.0 
Missing 15  
 
    
     Participants provided information about their educational level (Table 5.4). Of the 
participants, the group was fairly well educated. Over half of all participants had graduated from 
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a four year college program, with 23.5% also having attained a graduate degree. Only 15.2% of 
participants had a high school education or less. The last third, 33.1% has achieved some level of 
college education.  
 
Table 5.4 Education 
Education N Percent 
Less than 9th Grade 3 1.2 
9th-12th grade, no diploma 16 6.4 
High School Graduate or GED 19 7.6 
Some College, no Degree 57 22.7 
Associate's Degree 26 10.4 
Bachelor's Degree 71 28.3 
Graduate Degree 59 23.5 
Total  251 100.00 
Missing 14  
 
     Several observations can be made about the ages of the participants when viewing Table 5.5. 
It was not surprising to find that only 2.8% of respondents were under 20 years of age seeing this 
only accounted for 18 and 19 year olds in the area. Participants between 20 and 49 years of age 
accounted for 38.9% of those who agreed to participate. More than half, 52%, of participants 
were 50 to 69 years old. Of the remaining participants, they exceeded 70 years of age.  
 
Table 5.5 Age 
Age 
Under 
20 
20-29 30-39 40-49 50-59 60-69 70-79 Over 80 Total Missing 
N 7 29 38 31 63 68 15 1 252 13 
Percent 2.8 11.5 15.1 12.3 25 27 6 0.4 100   
 
      Table 5.6 shows employment. Retirees were asked to identify with the employment choice 
that best described their previous field of work. Many respondents reported having a professional 
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or managerial background at 24.7%. As a tourism state, it is not surprising that 19.2% of 
participants are involved in the service industry. As an area that is known for its fertile 
agricultural lands and access to Pacific Ocean fishing, having 7.9% of respondents working in 
farming, fishing and forestry was expected. The unemployment rate in the Puna district was 
reported to be 9.6%, which aligns closely with national unemployment rates for 2013. 
     The Puna District is known for having large portions of poverty and near poverty dwellers. 
Over one-third of participants reported that they are living on an income of under $15,000 per 
year. Only 10.5% of participants reported an income which exceeds $75,000 per year. The most 
common response of participants was that they make between $15,000 and $24,999 per year as 
shown in Table 5.7. 
 
Table 5.6 Employment 
Employment N Percent 
Homemaker 20 8.4 
Sales/Office 12 5.0 
Unemployed 23 9.6 
Managerial/Professional 59 24.7 
Service 46 19.2 
Sales/office 14 5.9 
Fishing/Farming/Forestry 19 7.9 
Construction 11 4.6 
Production/Transit 5 2.1 
Other 30 12.6 
Total 239 100.0 
Missing 26  
 
Table 5.7 Income 
Income N Percent 
Less than $10,000 40 20.2 
$10,000-$14,999 27 13.6 
$15,000-$24,999 37 18.7 
$25,000-$34,999 20 10.1 
$35,000-$49,999 33 16.7 
$50,000-$74,999 20 10.1 
$75,000-$99,999 5 2.5 
$100,000-$149,999 8 4.0 
$150,000-$199,999 4 2.0 
over $200,000 4 2.0 
Total 198 100.0 
Missing 67  
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     When selecting a race within the demographics portion of the survey, participants were 
invited to check as many races as appropriately described themselves. For most people, 68%, 
identified with being exclusively white (Table 5.8). Thirty-three percent of participants reported 
that they had multi-racial heritage, with many reporting Hawaiian and white ancestry. Native 
Hawaiians residents made up 4.2% of reported ethnicity. Authorities in the lineage of pure 
Hawaiian ancestry suggest that the accurate number should be much lower. 
          Participants were asked how long they had resided in the Puna District. Answers varied 
from a week to 61 years. For the purpose of analysis, participants were then grouped into 5 
categories as shown on Table 5.9: under 2 years, 2 to 5 years, more than five but less than ten 
years, over ten years but less than twenty years, and twenty years or more. All five categories 
accounted for approximately one-fifth of the survey participant population (Table 5.10). 
Appendix A shows the responses of each participant. 
 
Table 5.8 Race 
Race N Percent 
White 162 68.6 
Hispanic 5 2.1 
Native Hawaiian 10 4.2 
Other Pacific Islander 2 .8 
Japanese 5 2.1 
Filipino 2 .8 
Other 17 7.2 
Multi-Racial 33 14.0 
Total 236 100.0 
Missing 29  
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Table 5.9 Length of Residence 
Length of Residence N Percent 
Up to 2 Years 40 19.5 
2 Years to 5 Years 42 20.5 
Over 5 Years but less than 10 
Years 
39 19.0 
10 Years but less than 20 Years 38 18.5 
20 Years and over 46 22.4 
Total 205 100.0 
Response Missing 60  
 
 
 
Table 5.10 Neighborhood 
Neighborhood N Percent 
Hawaiian Paradise Park 13 4.9 
Orchidland 2 .8 
Ainaloni 12 4.5 
Hawaiian Beaches 9 3.4 
Hawaiian Shores 6 2.3 
Nanawale 13 4.9 
Pahoa 25 9.4 
Leilani 45 17.0 
Kapoho 38 14.3 
Black Sands 13 4.9 
Kalapana 76 28.7 
Other/ None Identified 13 4.9 
Total 265 100.0 
 
Preparedness 
     Five aspects of personal preparedness were measured in the survey: knowledge, access to 
insurance, health implications, trust and personal beliefs.  
 
     Knowledge 
     When participants were asked if they knew within what lava zone their home was located, 
(Table 5.11), over half of respondents either answered incorrectly or acknowledged that they did 
not know. Only 43% of participants were able to accurately report the lava zone in which they 
reside (Table 5.12).  Participants were asked to indicate when the last time a lava flow took 
place. Three answers were regarded as correct: 1960, the last time that a lava flow destroyed a 
town before the present day eruption; 1983, the year which the current lava flow from Kilauea 
began to erupt; and “the early 1990’s,” when Royal Gardens, a Kalapana neighborhood was 
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covered in lava. Of the 265 participants, only 43 participants answered correctly. Of the 
remaining participants, 54% did not have an answer and 29.8% of participants were incorrect 
which could be attributed to improper information or guessing. One limitation of the study is that 
we did not include any questions that could provide any indication of why participants provided 
wrong answers.  
 
Table 5.11 Proper Identification of Lava Zone 
Proper Identification of Lava 
Zone N Percent 
Properly Identified Lava Zone 116 43.8 
Improperly Identified Lava Zone 80 30.2 
Don't Know 69 26.0 
Total 265 100.0 
Table 5.12 Correctly Identified Last Lava Flow 
Correctly Identified Last Lava Flow N Percent 
Correct 43 16.2 
Incorrect 79 29.8 
Does Not Know/No Reply 143 54.0 
Total 265 100.0 
      
 
Insurance Access 
     Participants were asked about their ability to obtain homeowners insurance (Table 5.13). Of 
all of the participants, 22.8% of participants were renters, therefore, homeowners insurance was 
not relevant to them. Of those who owned, 31.2% had not tried to obtain insurance and 19% 
reported difficulties.  Of those who had not tried, no further data were collected to analyze why 
they made this decision. This large number was not anticipated prior to survey administration 
and further data collection should be sought in future research projects. However, participant’s 
comments give us some insight from qualitative information gathered through the comments 
section. First, it was reported on more than one occasion that lava zones are arbitrary lines that 
thus far, have not systematically yielded flows which are correlated to the zone division, citing 
the presence of most active lava flow in the last thirty years happening in Zone 2 areas, a factual 
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truth that is scientifically verifiable. Another commenter observed, “most of the insurance woes 
of Puna have been caused by Hurricane Iwa and Iniki. Insurance zones should not be related to 
volcanic hazard zones.” Next, a participant commented that the scientific community has created 
“this fear” in the insurance world, suggesting that she did not believe it to be a legitimate concern 
which should be quantified in dollar amount in a pursuit to get insurance.  Additionally, the same 
participant reported that she wanted a reverse mortgage and it was not fair that she was not 
eligible at banking institutions based on her location. Last, it was brought to the attention of the 
investigation on more than one occasion that insurance is always available for a price, but it is 
very expensive. Lloyds of London will cover all property at premium pricing. Further 
investigation of the validity of this claim has not been explored as part of this research.  
 
Table 5.13 Difficulty Obtaining Home Insurance 
Difficulty Obtaining Home 
Insurance N Percent 
Yes 50 19.0 
No 71 27.0 
Have not tried 82 31.2 
Renter 60 22.8 
Total 263 100.0 
Missing 2  
 
     Personal Beliefs 
      Participants were asked to share information on their thoughts about the potential for 
evacuation (Tables 5.14, 5.15 and 5.16).  More than half of participants, 52.5%, stated that they 
did not believe that the eruptive patterns of Kilauea could potentially lead to an evacuation of the 
Puna district in their lifetime. An additional 12.1% were not able to decide either way, leaving 
approximately one-third of participants stating that they believed the potential for evacuation was 
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a reality. However, if recommended by authorities, 78.1% of participants stated that they would 
evacuate. If 9.4% of participants could not reach a decision at this time and 12.5% of participants 
state that they would not be willing to leave, special considerations should be made for the 
potential loss of life. When considering that the Puna population is about 9,000 residents, 
anywhere from 1,000 and 1,800 residents could remain in the path of lava flows.  
 
Table 5.14 Feels as though may need to evacuate 
in life time 
Feels as though may need 
to evacuate in life time N Percent 
Yes 94 35.5 
No 139 52.5 
No Decision 32 12.1 
Total 265 100.0 
 
Table 5.15 Would Evacuate if Recommended 
Would Evacuate if 
Recommended N Percent 
Yes 207 78.1 
No 33 12.5 
No decision 25 9.4 
Total 265 100.0 
       
     In the last question in this section, participants were asked about their evacuation beliefs 
pertaining to personal preparedness. A review of Table 5.16 shows that nearly three percent of 
the top tier perceive their own preparedness as average. At the same time, the bottom tier, those 
less prepared, do not properly classify themselves, with only 18.5% of the less prepared 
population acknowledging themselves in a manner which reflects their limitation. Most people 
view themselves as “average.” 
 
Table 5.16 Opinion of Personal Preparedness 
Opinion of Personal Preparedness Frequency Percent 
More Prepared than average resident 81 30.6 
Equally Prepared as Average Resident 127 47.9 
Less Prepared than average resident 49 18.5 
No decision 8 3.0 
Total 265 100.0 
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      Health and Safety 
     Participants were asked to share their views about personal physical safety and about the risk 
of health implications from inhaling volcanic emissions, known as “vog.”  The majority of 
participants, 65.3%, responded that they did not feel as though they were physically in harm’s 
way (Table 5.17) but when asked if vog had a negative impact on the health of some area 
residents, 68.7% reported that they believed volcanic emissions affected some of the Puna 
residents’ health (Table 5.18.) 
 
 
Table 5.17 Feel as though living near a volcano is 
risk to personal safety 
Feel as though living 
near a volcano is risk to 
personal safety N Percent 
Yes 79 29.8 
No 173 65.3 
No decision 13 4.9 
Total 265 100.0 
 
 
Table 5.18 Feels as though “Vog” has a negative 
impact on health of residents 
Feels as though “Vog” 
has a negative impact on 
health of residents N Percent 
Yes 182 68.7 
No 76 28.7 
No decision 7 2.6 
Total 26 100.0 
     Trust and Capability 
     Five questions were asked about the abilities of the science community and the municipal 
government. When asked if the science community was a trustworthy source of information, 
68.3% of participants responded positively (Table 5.19), although 15.8% of participants where 
uncertain. When asked if the municipal government was trustworthy in delivering accurate 
information, those who said “yes” diminished to 57.7% (Table 5.20).   
     When given the choice, participants stated that the science community was more trustworthy 
than the municipal government, but 37.4% felt that both sources were equal. Interestingly, 9.1% 
of participants do not trust either (Table 5.21.) Participants were also asked about their opinions 
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about the ability of the county government to handle an evacuation in the Puna district.  A small 
scale evacuation was defined as an evacuation of one neighborhood. A large scale evacuation 
was defined as the evacuation of any person that was dependent on the use of Hwy 130.  Only 
57.7% of participants believed that the county government could effectively evacuate a 
neighborhood (Table 5.22) and the percentage was reduced to 25.7% when asked if the county 
could evacuate any resident that would rely on Hwy 130 to leave the Puna district (Table 5.23.)   
 
 
Table 5.19 Science Community is Trustworthy 
Source of Information 
Science Community is 
Trustworthy Source of 
Information N Percent 
Yes 181 68.3 
No 42 15.8 
No decision 42 15.8 
Total 265 100.0 
 
Table 5.20 Local Municipality is Trustworthy 
Source of Information 
Local Municipality is 
Trustworthy Source of 
Information N Percent 
Yes 153 57.7 
No 76 28.7 
No decision 36 13.6 
Total 265 100.0 
 
Table 5.21Who is a more reliable source of information about Volcanic Hazards? 
Who is a more reliable source of information 
about Volcanic Hazards? N Percent 
Science Community 116 43.8 
Local Government 10 3.8 
They are Both Equal 99 37.4 
Neither 24 9.1 
No decision 16 6.0 
Total 265 100.0 
 
 
 
     Participants who wrote comments often cited the Hawaii Volcano Observatory as generally 
trustworthy. However, several complaints were raised. First, that they do not give all the 
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information to the public. Second, that it is not timely. Last, one participant felt as though “pay 
offs” happen. Those who raised complaints did not supply further details. However, one left a 
phone number and welcomed follow up communication. When asked about county government’s 
ability to handle an evacuation, one gentleman referenced that last evacuation that took place. 
The evacuation shelter location, the community center, had 12 beds set up. Sixty elderly 
residents showed up and had nowhere to sleep. 
 
 
Table 5.22 Is the county prepared to handle a 
small scale evacuation? 
Is the county prepared to 
handle a small scale 
evacuation? N Percent 
Yes 
153 57.7 
No 
89 33.6 
No decision 
23 8.7 
Total 
265 100.0 
 
Table 5.23 Is the county prepared to handle a 
large scale evacuation? 
Table 5.23 
Is the county prepared to 
handle a large scale 
evacuation? N Percent 
Yes 68 25.7 
No 
175 66.0 
No decision 
22 8.3 
Total 
265 100.0 
 
Cultural Beliefs 
     Participants were asked about the influence of Pele, Goddess of Fire as a contributor to the 
events of volcanic activity. Table 5.24, 5.25, 5.26, 5.27, and 5.29 contain the results.  
     The majority, 52.6%, of participants did not think that eruptions have associations with 
negative actions of residents. However, 49.3% of participants believed that people have been 
helped in the past by giving offerings to Pele.  Most participants, 69.2%, would personally give 
gifts to Pele, with 61.8% of participants stating that they have done so in the past. In total, 65% 
of participants currently believe in Pele and 78.2% of participants felt that many people believe 
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in Pele. Of further note, one limitation which was discovered in the comments section was that 
perception of these questions may vary. Whereas some people interpret Pele solely a dynamic 
energy, others defined Pele as a Goddess.  
 
Table 5.24 "Eruptions happen because people do 
bad things to Madam Pele." 
"Eruptions happen because 
people do bad things to Madam 
Pele." N Percent 
Yes 68 27.1 
No 132 52.6 
I don't know 51 20.3 
Total 251 100.0 
Missing 14  
 
Table 5.25 "Some people have been helped by 
giving offerings or gifts to Pele." 
"Some people have been helped 
by giving offerings or gifts to 
Pele." N Percent 
Yes 127 49.4 
No 47 18.3 
I don't know 83 32.3 
Total 257 100.0 
Missing 8  
 
Table 5.26 "Would you give gifts/offerings to 
Pele." 
"Would you give gifts/offerings 
to Pele." N Percent 
Yes 180 69.2 
No 58 22.3 
I don't know 22 8.5 
Total 260 100.0 
Missing  5  
 
Table 5.27 "I have given gifts/offerings to Pele." 
"I have given gifts/offerings to 
Pele." N Percent 
Yes 160 61.8 
No 88 34.0 
I don't know 11 4.2 
Total 259 100.0 
Missing 6  
Table 5.28 "I believe in Pele." 
"I believe in Pele." N Percent 
Yes 167 65.0 
No 45 17.5 
I don't know 45 17.5 
Total 257 100.0 
Missing 8  
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Mitigation 
      Participants were asked about historical mitigation strategies that have been considered at 
some point in the Puna District when lava had threatened residential areas. Tables 5.29, 5.30 and 
5.31 were asked in the exact language that Lachman and Bonk utilized in the comparison study 
from 1960.  
     The majority of participants, 48.8%, reported that they would not help build dikes in an 
attempt to divert lava from the roadways.  An additional 13.8% were not sure. In this section, we 
received many qualitative notes which participants felt compelled to write. Some examples 
included, “does not work,” and “waste of time.” 
     Only 5.3% of participants agreed that it would be a good idea to attempt to utilize aerial 
bombs to divert lava if it was headed in the direction of homes. Here, qualitative notes were 
written in margins explaining, “It is never a good idea to mess with the will of Pele,” and “Let 
mother nature take its course.” Last, 85.0% of participants reported that they would not be 
willing to help in this effort. 
  
Table 5.29 If you had time, would you help build dikes to hold back lava from the road? 
If you had time, would you help build dikes to hold back 
lava from the road? N Percent 
Yes 97 37.3 
No 127 48.8 
I don't know 36 13.8 
Total 260 100.0 
Missing 5  
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Table 5.30 Should Soldiers bomb lava to stop it 
from burning homes? 
Should Soldiers bomb lava 
to stop it from burning 
homes? N Percent 
Yes 14 5.3 
No 211 80.2 
I don't know 38 14.4 
Total 263 100.0 
Missing 2  
 
Table 5.31 If you had time would you unload 
bombs from the trucks to bomb lava? 
If you had time would you 
unload bombs from the 
trucks to bomb lava? N Percent 
Yes 16 6.1 
No 226 85.9 
I don't know 21 8.0 
Total 263 100.0 
Missing 2  
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Chapter 6 
 Results and Discussion 
 
Research Question 1: Is there a statistically significant difference between participant 
responses to surveys in 2013 from the responses obtained by Lachman and Bonk in 1960?  
     Belief in Pele, Goddess of Fire, has evolved greatly of the past 50 years. Table 6.1 
summarizes the differences which were observed between the 1960 survey and 2013 surveys; the 
2003 survey was a duplicate of the 1960 survey.  
     In all six questions, which were asked in the survey, the percentage of respondents who had 
greater affinity to Pele increased.  
      In order to measure impressions about if the eruption of Kilauea is associated with behaviors, 
residents were asked to respond to the statement, “Eruptions may happen because people do bad 
things to Madam Pele.” Given the choices to select “yes,” “no,” or “I don’t know,”  an increase 
took place for participants responding to “yes” and “no” from 1960 to 2013. Of participants that 
replied affirmatively, an increase of 4% took place in 2013 for a response rate of 27.1%. Those 
who replied negatively also increased. In 1960, 43.1% of participants felt as though human 
behavior toward Pele was not a factor in eruptions. By 2013, the proportion had increased to 
52.6%.  Fewer participants selected “I don’t know,” decreasing from 33.8% to 20.3% (Figure 6.1 
and 6.2). 
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Table 6.1 Statements Comparisons 1960 to 2013 (Beliefs) 
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Eruptions may happen 
because people do bad 
things to Madam Pele 
23.1 27.1 +4.0 43.1 52.6 +9.5 33.8 20.3 -13.5 
Some people have been 
helped by giving 
offerings to Madam 
Pele 
23.8 49.4 +25.6 30.6 18.3 -12.3 45.6 32.3 -13.3 
Would you give gifts to 
Madam Pele? 
28.6 69.2 +40.6 53.1 22.3 -30.8 18.1 8.5 -9.6 
Have you ever given 
gifts to Madam Pele? 
6.3 61.8 +55.5 92.5 34.0 -58.5 1.3 4.2 +2.9 
Do you believe in 
Madam Pele? 
38.1 65.0 +26.9 35.6 17.5 -18.1 26.3 17.5 -8.8 
Many people believe in 
Madam Pele 
59.1 78.2 +19.1 10.1 3.1 -7.0 30.8 18.7 -12.1 
      
 
 
23.10% 
43.10% 
33.80% 
Figure 6.1 
1960 "Eruptions may happen because people do bad things to 
Madam Pele" 
Yes No I Don't Know
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     In order to measure the belief that help can be acquired through the will of Pele, participants 
were given the statement, “Some people have been helped by giving gifts to Madam Pele.” 
Participants were able to select “yes,” “no,” or “I don’t know.” In 2013, more than double the 
percentage of participants selected “yes,” increasing from 23.8 to 49.4%. Fewer participants 
selected “no.” In 1960, 30.6% of participants did not believe people had been helped by making 
offerings to Pele, while today only 18.3% of participants felt this way. In 1960, the predominant 
answer selected was “I don’t know,” at 45.6%, a percentage that decreased to 32.3% in 2013. 
Results are shown in Figure 6.3 and Figure 6.4.  
      In 1960, the proportion of participants that would engage in practices of making offerings to 
Pele was 28.6%. By 2013, 69.2% of participants reported engaging in this practice. Those that 
would not make offerings decreased from 55.1% to 22.3% and those who were not sure 
decreased from 18.1% to 8.5%. The results can be seen in Figure 6.5 and Figure 6.6.  
27.10% 
52.60% 
20.30% 
Figure 6.2 
2013 "Eruptions may happen because people do bad things to 
Madam Pele" 
Yes No I Don’t Know 
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      Figures 6.7 and 6.8 demonstrate the increase in the incidence of personal gift giving. In 1960, 
6.3% had actually made an offering to Pele, a proportion that increased nearly ten times that 
amount in 2013. Participants reported making offerings to Pele 61.8% of the time.  
 
 
 
     
 
23.80% 
30.60% 
45.60% 
Figure 6.3  
1960 "Some people have been helped by giving offerings to Madam 
Pele." 
Yes No I Don't Know
49.40% 
18.30% 
32.30% 
Figure 6.4 
2013 "Some people have been helped by giving offerings to Madam 
Pele" 
Yes No I Don't Know
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28.60% 
53.10% 
18.10% 
Figure 6.5 
1960 "Would you give gifts to Madam Pele?" 
Yes No I Don't Know
69.20% 
22.30% 
8.50% 
Figure 6.6 
2013 "Would you give gifts to Madam Pele?" 
Yes No I Don't Know
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       The incidence of personally believing in Pele has increased over the last fifty years (Figure 
6.9 and Figure 6.10). In 1960, 38.1% of participants believed in Pele. In 2013, 65.0% of survey 
participants reported believing in Pele. For this reason, fewer participants said “no” or were 
unsure, both reported 17.5%.  
 
6.30% 
92.50% 
1.30% 
Figure 6.7 
1960 "Have you ever given gifts to Madam Pele?" 
Yes No I Don't Know
61.80% 
34.00% 
4.20% 
Figure 6.8 
2013 "Have you ever given gifts to Madam Pele?" 
Yes No I Don't Know
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     Figures 6.11 and 6.12 both demonstrate the perceptions of individuals about the surrounding 
community’s beliefs. In 1960, 59.1% of participants believed that many community members 
believed in Pele, whereas, in the modern era, 78.2% of participants believed that many people 
believe in Pele.  
 
38.10% 
35.60% 
26.30% 
Figure 6.9  
1960 "Do you believe in Madam Pele?" 
Yes No I Don't Know
65.00% 
17.50% 
17.50% 
Figure 6.10 
2013 "Do you believe in Madam Pele?" 
Yes No I Don't Know
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     The willingness of participants in 2013 to assist with diversion tactics has decreased from the 
responses which were indicated in 1960. Throughout time, as the result of lava diversion 
attempts, modern Puna residents made many qualitative references to demonstrate their 
awareness that diversion tactics have remained largely unsuccessful.  As previously referenced in 
59.10% 
10.10% 
30.80% 
Figure 6.11 
1960 "Many people believe in Madam Pele" 
Yes No I Don't Know
78.20% 
3.10% 
18.70% 
Figure 6.12 
2013 "Many people believe in Madam Pele" 
Yes No I Don't Know
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Chapter 5, many qualitative notes were received in which participants felt compelled to write 
examples such as “does not work” and “waste of time.” 
     The majority, (Figure 6.13), 76.0% of 1960 respondents stated that they would assist in 
building dikes. In 1960 this practice was attempted and experienced an overall failure. In 1960, 
only 24% said they would not be willing to assist in building dikes or were not sure. Learning 
from this experience, it is possible that information has been passed down to current residents. 
Only 37.3% of participants, (Figure 6.14), said they would try to build dikes, a decrease of 
38.7%. Qualitative notes were written in margins explaining, “It is never a good idea to mess 
with the will of Pele,” “Definitely not effective” and “Let mother-nature take its course.” 
Another participant directly referenced the unsuccessful 1960 attempt in the Kapoho Village. 
One participant, a Native Hawaiian wrote a detailed remark stating, “You should NEVER get in 
the way of mother nature. Pele is our Hawaiian fire goddess that should never be underestimated. 
No matter what course you choose she will take her own course. As a native Hawaiian my advice 
is to let her lava flow where she wish.”   
     On the other hand, a participant wrote a thorough and well thought inflection about her 
experience with dikes. She states, “My immediate road to Hwy 130 was protected from lava in 
1955 by local farmers employing their personal tractors to guide slow moving lava to flow aside 
Kamaili Road. My property’s shape resulted from this geared effort to form an abundant 
agricultural valley of 8 acres with a home, pigs, ancient local varieties of fruit trees and exotic 
vegetation.”  Table 6.2, shows all of the responses.  
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Table 6.2 Statements Comparisons 1960 to 2013 (Mitigation) 
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If you had time, would 
you help build dikes 
(stone walls) to hold 
back lava from the 
road? 
76.0 37.3 -38.7 19.0 48.8 +29.8 5.0 13.8 +8.8 
Should soldiers bomb 
the lava to stop it from 
burning houses? 
5.6 5.3 -0.3 63.8 80.2 +16.4 30.5 14.4 -16.1 
If you had time, would 
you help take (unload) 
the bombs from the 
trucks to bomb the 
lava? 
28.4 6.1 -22.3 59.7 85.9 +26.2 11.9 8.0 -3.9 
 
 
 
76.00% 
19.00% 
5.00% 
Figure 6.13 
1960 "If you had time, we you help build dikes (stone walls) to hold 
back lava from the road?" 
Yes No I Don't Know
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     Even in 1960, when lava diversion bombing was considered, the mitigation strategy had very 
little support. The rate of support was 5.6%. Over the course of time, opinions about the 
effectiveness of diversion bombing have remained relatively consistent (Figure 6.15 and Figure 
6.16). However the degree of uncertainty has changed dramatically. In 2013, 80.2% of 
participants indicated that they do not support the bombing of lava as a diversion technique. 
Because participants were able to make a decision, the proportion of participants that were not 
sure, decreased from 30.5% to 14.4%. 
     Many participants cited concerns over the potential outcomes in the comments section. One 
participant stated that improved municipal planning was a better option. Another participant 
referenced the ineffective attempt which occurred “in the 1940’s.” In 1935 and 1942, attempts to 
divert lava with bombing were unsuccessful (USGS, 2010). 
 
 
37.30% 
48.80% 
13.80% 
Figure 6.14 
2013 "If you had time, we you help build dikes (stone walls) to hold 
back lava from the road?" 
Yes No I Don't Know
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     The willingness of residents to assist in mitigation through bombing was measured in 1960, as 
shown on Figure 6.17. At that time, 28.4% of participants stated they would be willing to assist 
with unloading bombs for use in aerial diversion.  By 2013, only 6.1% of participants would be 
willing to provide such assistance (Figure 6.18). Participants that were uncertain also dropped 
5.60% 
63.80% 
30.50% 
Figure 6.15 
1960 "Should soldiers bomb the lava to stop it from burning houses?" 
Yes No I Don't Know
5.30% 
80.20% 
14.40% 
Figure 6.16 
2013 "Should soldiers bomb the lava to stop it from burning houses?" 
Yes No I Don't Know
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from 11.9% to 8.0%. In 2013, 85.9% of participants stated that they would not provide assistance 
for aerial diversion of lava.  
 
 
 
 
 
 
28.40% 
59.70% 
11.90% 
Figure 6.17 
1960 "If you had time, would you help take (unload) the bombs from 
the trucks to bomb the lava?" 
Yes No I Don't Know
6.10% 
85.90% 
8.00% 
Figure 6.18 
2013 "If you had time, would you help take (unload) the bombs from 
the trucks to bomb the lava?" 
Yes No I Don't Know
 79 
 
Research Question 2: Can participants correctly identify the lava zone which their home 
lies within? 
    When participants were asked if they knew within which lava zone their home was located, as 
shown on Table 5.11, over half of respondents either answered incorrectly or acknowledged that 
they did not know. As the result, only 43% of participants were able to accurately report their 
lava zone in which they reside.  However, when assessing participants based upon demographic 
details, patterns emerge. 
     First, as shown in Table 6.3 and Figure 6.19, length of residence can be associated with 
ability to properly designate lava zones with a 90% probability of statistical significance. 
Geographic knowledge about lava zones increased over time. As shown in Table 6.3, 43.9% of 
the participant group was able to properly identify the lava zone in which they live and 56.1% 
could not. Of the group that could properly identify their home’s lava zone, the percentage of 
participants that were able to do so was associated with the length of time they had resided in the 
area.  For participants that had lived in area less than two years, they were least likely to properly 
identify their lava zone (27.5%).  Participants that lived in Puna for 2-5 years were successful in 
determining their lava zone 38.1% of the time.  The next participant group, residents who had 
lived in Puna more than 5 years but less than 10 years, increased their percentage of 
identification to 48.7%, followed by those in Puna for 10 years but less than 20 years, who were 
correct at 50.0%. The group who was most likely to be correct about the lava zone of their home 
was the participant group that had resided in Puna for 20 years or more, correctly reporting the 
lava zone 54.3% of the time.  Follow up qualitative and quantitative research may provide better 
understanding of what components of life experience influences heightened lava zone knowledge 
such as societal exposure, cultural education, and locating scientific resources. 
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Table 6.3 Cross Tabulation: Proper Identification of Lava Zone and Length of Residence 
Cross Tabulation: Proper Identification of Lava Zone and 
Length of Residence 
Proper Identification of Lava Zone 
Total 
Properly Identified 
Lava Zone 
Improperly 
Identified Lava 
Zone/Don't 
Know/No 
response 
L
en
g
th
 o
f 
R
es
id
en
ce
 
Up to 2 Years Count 11 29 40 
% within Length of Residence 27.5% 72.5% 100.0% 
2 Years to 5 Years Count 16 26 42 
% within Length of Residence 38.1% 61.9% 100.0% 
Over 5 Years but 
less than 10 Years 
Count 19 20 39 
% within Length of Residence 48.7% 51.3% 100.0% 
10 Years but less 
than 20 Years 
Count 19 19 38 
% within Length of Residence 50.0% 50.0% 100.0% 
20 Years and over Count 25 21 46 
% within Length of Residence 54.3% 45.7% 100.0% 
Total Count 90 115 205 
% within Length of Residence 43.9% 56.1% 100.0% 
Chi Square Value= 7.923, Degrees of Freedom=4, Probability= .094 
 
 
Figure 6.19 Proper Identification of Lava Zone and Length of Residence 
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     The ability of participants to properly identify their lava zone was also associated with the 
neighborhood in which they lived.  Those in Lava Zone 3, the lava zone which identifies 
property which poses less potential danger than Lava Zone 1 and 2, had the least ability to 
identify lava zones. Participants from Hawaiian Paradise Park were only able to identify their 
lava zone 15.4% of the time. The neighborhood that best identified lava zones from Lava Zone 3 
was Ainaloni, properly responding 16.7% of the time.   
     Within the neighborhoods that are in Lava Zone 2, the neighborhood which was least 
successful in identifying lava zone was Pahoa, at 20.0%. Although Hawaiian Shores, was a small 
sample of the participants, they properly identified their lava zone 66.7% of the time. This is the 
group that did the best overall. Having a much larger participation, Kalapana was the group in 
Lava Zone 2 that was second to Hawaiian Shores, at 56.6%. Leilani, a Lava Zone 1 
neighborhood, did slightly less successfully than Hawaiian Shores, at 64.4%. Kapoho, the Lava 
Zone 1 participant group that did the worst in reporting the proper lava zone, was correct 30.8% 
of the time. Statistical analysis was limited due to the distribution of participant responses, but 
the descriptive results, shown on Table 6.4 and Figure 6.20 illustrate the differences. 
      When participants were asked their opinion about if they would need to evacuate their home 
in their lifetime, geographic knowledge of lava zone identification was associated with their 
opinions. For participants that could identify their lava zone, 59.6% of participants expected to 
evacuate at some time. Of participants that could not identify their lava zone, 40.4% of 
participants expected to evacuate. This suggests that participants that are more educated about 
the volcanic hazards which are present in the community are also more aware of the risks and 
prepared to react to events which could endanger their safety. This significance level was over 
.001 probability. Tables 6.5 and Figure 6.21 are shown below. 
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Table 6.4 Cross Tabulation: Proper Identification of Lava Zone and Neighborhood 
Cross Tabulation: Proper Identification of Lava Zone and 
Neighborhood 
Proper Identification of Lava 
Zone 
Total 
Properly 
Identified Lava 
Zone 
Improperly 
Identified Lava 
Zone/Don't 
Know/No 
response 
N
ei
g
h
b
o
rh
o
o
d
 
Hawaiian Paradise Park Count 2 11 13 
% within Neighborhood 15.4% 84.6% 100.0% 
Orchidland Count 0 2 2 
% within Neighborhood 0.0% 100.0% 100.0% 
Ainaloni Count 2 10 12 
% within Neighborhood 16.7% 83.3% 100.0% 
Hawaiian Beaches Count 4 5 9 
% within Neighborhood 44.4% 55.6% 100.0% 
Hawaiian Shores Count 4 2 6 
% within Neighborhood 66.7% 33.3% 100.0% 
Nanawale Count 4 9 13 
% within Neighborhood 30.8% 69.2% 100.0% 
Pahoa Count 5 20 25 
% within Neighborhood 20.0% 80.0% 100.0% 
Leilani Count 29 16 45 
% within Neighborhood 64.4% 35.6% 100.0% 
Kapoho Count 12 26 38 
% within Neighborhood 31.6% 68.4% 100.0% 
Black Sands Count 7 6 13 
% within Neighborhood 53.8% 46.2% 100.0% 
Kalapana Count 43 33 76 
% within Neighborhood 56.6% 43.4% 100.0% 
Other/ None Identified Count 4 9 13 
% within Neighborhood 30.8% 69.2% 100.0% 
Total Count 116 149 265 
% within Neighborhood 43.8% 56.2% 100.0% 
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Figure 6.20 Proper Identification of Lava Zone and Neighborhood 
 
Table 6.5 Cross Tabulation: Proper Identification of Lava Zone and Feelings about Evacuation 
Cross Tabulation: Proper Identification of Lava Zone 
and Feelings about Evacuation 
Proper Identification of Lava Zone 
Total 
Properly Identified 
Lava Zone 
Improperly Identified 
Lava Zone/Don't 
Know/No response 
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e 
Yes Count 56 38 94 
% within Feels as though may need to 
evacuate in life time 
59.6% 40.4% 100.0% 
No Count 45 94 139 
% within Feels as though may need to 
evacuate in life time 
32.4% 67.6% 100.0% 
Total Count 101 132 233 
% within Feels as though may need to 
evacuate in life time 
43.3% 56.7% 100.0% 
Chi-square=16.999, Degrees of Freedom= 2, Probability=.000 
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Figure 6.21 Proper Identification of Lava Zone and Feels as though may need to evacuate in lifetime 
 
 
     Participants were asked if living near a volcano was a risk to their personal safety (Table 6.6 
and Figure 6.22).  Participants who knew which lava zone they resided in were less likely to 
believe that living near the volcano provided a risk to their physical safety (34.2%). Participants 
that were not able to identify their lava zone were almost twice as likely to believe that they were 
not in a danger from living at the flanks of Kilauea, reported as 65.8%. 
     Some participants opted to give subjective views in the comments section. Here it is observed 
that physical safety is often discounted with statements which point to the slow speed at which 
the lava flow moves and comparing it too other potential natural hazards. One participant 
reported, “The danger from volcanic eruptions is nothing in comparison to the danger of the risk 
of forest fire, from increased global warming, in the neighborhood of California I moved from.” 
Neither of these participants properly identified their lava zone. Other participants cited the 
trade-off value of living in the Puna district in comparisons to risk of safety, suggesting that the 
 85 
 
risk of safety is a risk that is present but worth it and a personal choice which one chooses to 
take.  
 
Table 6.6 Proper Identification of Lava Zone and Feel as though living near a volcano is risk to personal 
safety 
Proper Identification of Lava Zone and Feel as though living 
near a volcano is risk to personal safety 
 
Proper Identification of Lava Zone 
Total 
Properly 
Identified 
Lava Zone 
Improperly Identified 
Lava Zone/Don't 
Know/No response 
F
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Yes Count 27 52 79 
% within Feel as though living near a volcano 
is risk to personal safety 
34.2% 65.8% 100.0% 
No Count 84 89 173 
% within Feel as though living near a volcano 
is risk to personal safety 
48.6% 51.4% 100.0% 
Total Count 111 141 252 
% within Feel as though living near a volcano 
is risk to personal safety 
44.0% 56.0% 100.0% 
Chi-Square=4.712, Degrees of Freedom=2, Probability=.095 
 
          Lava zone charts are a municipal tool which is used for insurance and banking purposes, 
as well as municipal hazards planning. However, many renters and people who live with family 
are unaware of within which categorization their neighborhood lies.  Seventy-six percent of 
renters and 92.9% of those who live with family are not familiar with their lava zone. For 
homeowners, 61.7% of participants were able to identify their lava zone, as shown in Table 6.7 
and Figure 6.23.  
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Figure 6.22 Proper Identification of Lava Zone and Feel as though living near a volcano is risk to personal 
safety 
 
 
Table 6.7 Cross Tabulation: Proper Identification of Lava Zone and  Housing 
Cross Tabulation: Proper Identification of 
Lava Zone and  Housing 
 
Proper Identification of Lava Zone 
Total 
Properly Identified 
Lava Zone 
Improperly Identified Lava 
Zone/Don't Know/No response 
H
o
u
si
n
g
 
Rent Count 18 60 78 
% within Housing 23.1% 76.9% 100.0% 
Own Count 92 57 149 
% within Housing 61.7% 38.3% 100.0% 
Live with Family Count 1 13 14 
% within Housing 7.1% 92.9% 100.0% 
Prefer not to answer Count 5 19 24 
% within Housing 20.8% 79.2% 100.0% 
Total Count 116 149 265 
% within Housing 43.8% 56.2% 100.0% 
Chi-Square= 45.891, Degrees of Freedom=3, Probability=.000 
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Figure 6.23 Proper Identification of Lava Zone and Housing 
 
 
     Married individuals were able to appropriately identify their lava zone at a rate of 56.7%, 
followed by divorced individuals who were able to correctly identify their lava zone at a rate of 
52.5%. The mean percentage of proper identification was 44.4%. Single individuals were correct 
in 33.6% of responses. Widows faired the worst, with a response rate that was only correct 
23.1% of the time. These data have a high level of statistical significance as shown on Figure 
6.24 and Table 6.8. 
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Figure 6.24 Proper Identification of Lava Zone and Marital Status 
 
 
 
     As shown on Table 6.9 and Figure 6.25, participants that had an associate’s degree or less had 
more difficulty in determining the correct lava zone. Participants that had more than an 
associate’s degree were able to identify the correct lava zone more than 50% of the time, above 
the mean percentage of 44.2%. For this reason, the statistical significance was very high, with a 
probability of .004. 
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Table 6.8 Cross Tabulation: Marital Status and Proper Identification of Lava Zone 
Cross Tabulation: 
Marital Status and Proper Identification of Lava 
Zone 
Proper Identification of Lava Zone 
Total 
Properly 
Identified Lava 
Zone 
Improperly Identified Lava 
Zone/Don't Know/No 
response 
M
ar
it
al
 S
ta
tu
s 
Single Count 36 71 107 
% within Marital Status 33.6% 66.4% 100.0% 
Married Count 51 39 90 
% within Marital Status 56.7% 43.3% 100.0% 
Divorced/Separated Count 21 19 40 
% within Marital Status 52.5% 47.5% 100.0% 
Widowed Count 3 10 13 
% within Marital Status 23.1% 76.9% 100.0% 
Total Count 111 139 250 
% within Marital Status 44.4% 55.6% 100.0% 
Chi-Square=13.957, Degrees of Freedom=3, Probability=.003 
 
Table 6.9 Cross Tabulation: Proper Identification of Lava Zone  and Education 
Cross Tabulation: Proper 
Identification of Lava Zone  and 
Education 
Education 
Total 
Up to High 
School 
Graduate or 
GED 
Some College/ 
Associate's 
Degree 
Bachelor's 
Degree 
Graduate 
Degree 
P
ro
p
er
 I
d
en
ti
fi
ca
ti
o
n
 o
f 
L
av
a 
Z
o
n
e
 
Properly 
Identified Lava 
Zone 
Count 7 37 36 31 111 
% within Proper 
Identification of 
Lava Zone 
6.3% 33.3% 32.4% 27.9% 100.0% 
Improperly 
Identified Lava 
Zone/Don't 
Know/No 
response 
Count 31 46 35 28 140 
% within Proper 
Identification of 
Lava Zone 
22.1% 32.9% 25.0% 20.0% 100.0% 
Total Count 38 83 71 59 251 
% within Proper 
Identification of 
Lava Zone 
15.1% 33.1% 28.3% 23.5% 100.0% 
   Chi-square=13.125, Degrees of Freedom=3, Probability=.004 
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     Statistically significant variations at the 95% significance level (probability=.04) occurred 
when participants of different professions were asked to identify lava zones. Although the mean 
percentage of participants correctly identifying lava zones was 43.1%, employment groups 
varied greatly. Production and Transit workers (n=5) were not able to identify lava zones at all, 
followed by homemakers with 75% incorrect, fishers and farmers with 73.7% incorrect, and 
sales/office staff incorrectly reporting their lava zone in 71.4% of responses. The “other” group 
excelled at the highest rate, having correctly identified their lava zone at a rate of 60.0%, 
followed by managers/professionals, correct in 52.5% of responses.  Table 6.10 and Figure 6.26 
are shown below.  
 
 
Figure 6.25 Proper Identification of Lava Zone and Education 
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Table 6.10: Cross Tabulation  Proper Identification of Lava Zone and Employment 
Cross Tabulation  Proper Identification of Lava Zone 
and Employment 
Proper Identification of Lava Zone 
Total 
Properly Identified 
Lava Zone 
Improperly Identified Lava 
Zone/Don't Know/No 
response 
E
m
p
lo
y
m
en
t 
Homemaker Count 5 15 20 
% within Employment 25.0% 75.0% 100.0% 
Sales/Office Count 4 8 12 
% within Employment 33.3% 66.7% 100.0% 
Unemployed Count 8 15 23 
% within Employment 34.8% 65.2% 100.0% 
Managerial/Professional Count 31 28 59 
% within Employment 52.5% 47.5% 100.0% 
Service Count 22 24 46 
% within Employment 47.8% 52.2% 100.0% 
Sales/office Count 4 10 14 
% within Employment 28.6% 71.4% 100.0% 
Fishing/Farming/Forestry Count 5 14 19 
% within Employment 26.3% 73.7% 100.0% 
Construction Count 6 5 11 
% within Employment 54.5% 45.5% 100.0% 
Production/Transit Count 0 5 5 
% within Employment 0.0% 100.0% 100.0% 
Other Count 18 12 30 
% within Employment 60.0% 40.0% 100.0% 
Total Count 103 136 239 
% within Employment 43.1% 56.9% 100.0% 
Chi-square=17.608, Degrees of Freedom=9, Probability=.040 
 
     Participants were assessed for their ability to identify lava zones between income groups 
(Table 6.11 and Figure 6.27). Based upon income, results varied greatly. Although variations in 
the income groups had a probability of significance of .05, there was no linear progression from 
one group to the corresponding group of the next income level. Some patterns emerged, 
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however.  Lower income participants tended to have lower success in identifying lava zone. 
Participants that made less than $25,000 were less likely to identify their lava zone. After the 
$25,000 income threshold, all of the groups were able to identify their lava zone in at least 50% 
of responses. 
 
Figure 6.26 Proper Identification of Lava Zone and Employment 
 
 
 
 
Figure 6.27 Proper Identification of Lava Zone and Income 
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Table 6.11 Cross Tabulation:  Proper Identification of Lava Zone and  Income 
Cross Tabulation:  Proper Identification of Lava Zone and  
Income 
 
Proper Identification of Lava Zone 
Total 
Properly 
Identified Lava 
Zone 
Improperly 
Identified Lava 
Zone/Don't 
Know/No 
response 
In
co
m
e 
Less than $25,000 Count 35 69 104 
% within Income 33.7% 66.3% 100.0% 
$25,000-$49,999 Count 30 25 55 
% within Income 54.5% 45.5% 100.0% 
$50,000-$99,999 Count 12 11 23 
% within Income 52.2% 47.8% 100.0% 
$100,000 or more Count 8 8 16 
% within Income 50.0% 50.0% 100.0% 
Total Count 85 113 198 
% within Income 42.9% 57.1% 100.0% 
Chi-square= 7.810, Degrees of Freedom=3, Probability=.05 
 
 
     In general, lava zone knowledge is associated with age. In the 18 to 29 year old group, only 
8.3% of participants correctly responded. The highest response rate of correct answers came 
from the 70-79 year old group, with 60% of participants being correct. The only groups that did 
not conform to this upward progression were the 50-59 year olds (55.6%) and the 60-69 year 
olds (51.5%). Here a small decrease took place.  All groups above 40 were higher than the mean, 
43.7%, and all groups under 40 had less successful rates of identification. One limitation of the 
research was that only one participant was over 80. Therefore, a good measure of that age group 
was not possible and they were removed from the analysis (Table 6.12 and Figure 6.28). 
     One important aspect of Hawaiian culture is ethnicity. The ability to identify one’s lava zone  
may be related to ethnicity. Because of the number of Caucasian participants, however, the data 
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were skewed and an appropriate statistical measure could not be assessed. Below is the 
distribution of participant responses (Table 6.13 and Figure 6.29). 
 
Table 6.12 Cross Tabulation:  Age and Proper Identification of Lava Flow 
Cross Tabulation:  Age and Proper 
Identification of Lava Flow 
Proper Identification of Lava Zone 
Total 
Properly Identified 
Lava Zone 
Improperly 
Identified Lava 
Zone Don't Know 
Age 18-29 Count 3 15 18 36 
% within Age 
8.3% 41.7% 50.0% 100.0% 
30-39 Count 14 9 15 38 
% within Age 
36.8% 23.7% 39.5% 100.0% 
40-49 Count 14 11 6 31 
% within Age 
45.2% 35.5% 19.4% 100.0% 
50-59 Count 35 17 11 63 
% within Age 
55.6% 27.0% 17.5% 100.0% 
60-69 Count 35 19 14 68 
% within Age 
51.5% 27.9% 20.6% 100.0% 
70-79 Count 9 3 3 15 
% within Age 
60.0% 20.0% 20.0% 100.0% 
Total Count 110 74 67 251 
% within Age 
43.8% 29.5% 26.7% 100.0% 
Chi-Square=31.324, Degrees of Freedom=10, Probability=.001 
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Figure 6.28 Proper Identification of Lava Flow and Age 
 
 
 
Figure 6.29 Proper Identification of Lava Zone and Race 
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Table 6.13 Cross Tabulation: Proper Identification of Lava Zone and  Race 
Cross Tabulation: 
Proper Identification of Lava Zone and  
Race 
 
Proper Identification of Lava Zone 
Total 
Properly 
Identified 
Lava Zone 
Improperly Identified Lava 
Zone/Don't Know/No 
response 
R
ac
e 
White Count 82 80 162 
% within Race 50.6% 49.4% 100.0% 
Hispanic Count 2 3 5 
% within Race 40.0% 60.0% 100.0% 
Native Hawaiian Count 2 8 10 
% within Race 20.0% 80.0% 100.0% 
Other pacific Islander Count 2 0 2 
% within Race 100.0% 0.0% 100.0% 
Japanese Count 1 4 5 
% within Race 20.0% 80.0% 100.0% 
Filipino Count 1 1 2 
% within Race 50.0% 50.0% 100.0% 
Other Count 7 10 17 
% within Race 41.2% 58.8% 100.0% 
Selected Multiple 
Races 
Count 7 26 33 
% within Race 21.2% 78.8% 100.0% 
Total Count 104 132 236 
% within Race 44.1% 55.9% 100.0% 
 
 
Research Question 3: Is there a statistically significant difference in responses of 2013 
participants based upon ethnicity? 
     Ethnicity and culture are important components of life in Hawaii for both natives and island 
transplants. Now, many residents are Caucasians who have adopted the “aloha spirit.”  Because 
so many Caucasians are present in the area, paired with the distribution of data which were 
collected from the other races responses, appropriate statistical tests could not be performed. The 
response data are included for comparative purposes.  
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     The neighborhood in which a participant lives is associated with their race. The majority, 
white participants, live in Lava Zone 1 neighborhoods of Kapoho and Leilani. Both areas are 
known in the real estate community to be highly desirable. Kapoho is well known for its 
affordable scenic seaside living and Leilani has a reputation for being a neighborhood with lush 
vegetation from climatic conditions of the rainforest. White participants were also most likely to 
live in areas of Lava Zone 2 were active lava flows are entering the ocean, Kalapana, or in Black 
Sands, a neighborhood which is on the corridor between Leilani and Kalapana.  
     Native Hawaiian and other Pacific Islanders were more likely to live in Lava Zone 2 areas on 
the eastern corridor of the Puna District; Hawaiian Paradise Park, Hawaiian Beaches, and 
Hawaiian Shores.  All of these neighborhoods are in close proximity to one another. Racial 
percentages are shown in Figure 6.30 and Table 6.14. 
 
   Figure 6.30 Race and Neighborhood 
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Table 6.14 Cross Tabulation: Neighborhood and Race 
Cross Tabulation: Neighborhood 
and Race 
Race 
T
o
ta
l 
W
h
it
e 
H
is
p
an
ic
 
N
at
iv
e 
H
aw
ai
ia
n
 
O
th
er
 
p
ac
if
ic
 
Is
la
n
d
er
 
Ja
p
an
es
e 
F
il
ip
in
o
 
O
th
er
 
S
el
ec
te
d
 
M
u
lt
ip
le
 
R
ac
es
 
N
ei
g
h
b
o
rh
o
o
d
 
Hawaiian 
Paradise Park 
Count 8 0 2 0 0 0 1 2 13 
% in Race 4.9% 0.0% 20.0% 0.0% 0.0% 0.0% 5.9% 6.1% 5.5% 
Orchidland Count 1 0 0 0 0 0 0 1 2 
% in Race 0.6% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 3.0% 0.8% 
Ainaloni Count 4 2 0 0 0 0 1 4 11 
% in Race 2.5% 40% 0.0% 0.0% 0.0% 0.0% 5.9% 12.1% 4.7% 
Hawaiian 
Beaches 
Count 3 0 2 0 0 0 1 2 8 
% in Race 1.9% 0.0% 20.0% 0.0% 0.0% 0.0% 5.9% 6.1% 3.4% 
Hawaiian 
Shores 
Count 2 0 1 1 0 0 0 2 6 
% in Race 1.2% 0.0% 10.0% 50.0% 0.0% 0.0% 0.0% 6.1% 2.5% 
Nanawale Count 8 1 0 0 0 0 1 2 12 
% in Race 4.9% 20.% 0.0% 0.0% 0.0% 0.0% 5.9% 6.1% 5.1% 
Pahoa Count 10 0 2 0 0 1 0 3 16 
% in Race 6.2% 0.0% 20.0% 0.0% 0.0% 50.0% 0.0% 9.1% 6.8% 
Leilani Count 34 0 1 1 0 0 0 6 42 
% in Race 21.0% 0.0% 10.0% 50.0% 0.0% 0.0% 0.0% 18.2% 17.8% 
Kapoho Count 25 1 0 0 1 0 4 2 33 
% in Race 15.4% 20% 0.0% 0.0% 20% 0.0% 23.5% 6.1% 14.0% 
Black Sands Count 8 0 0 0 1 0 1 1 11 
% in Race 4.9% 0.0% 0.0% 0.0% 20% 0.0% 5.9% 3.0% 4.7% 
Kalapana Count 53 1 0 0 3 1 6 7 71 
% in Race 32.7% 20% 0.0% 0.0% 60% 50.0% 35.3% 21.2% 30.1% 
Other/ None 
Identified 
Count 6 0 2 0 0 0 2 1 11 
% in Race 3.7% 0.0% 20.0% 0.0% 0.0% 0.0% 11.8% 3.0% 4.7% 
Total Count 162 5 10 2 5 2 17 33 236 
% in Race 100% 100% 100% 100% 100% 100% 100% 100% 100% 
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     Overall, all races believed that science was a trustworthy source of information. Each race 
designated a trust value of at least 50% (Table 6.15 and Figure 6.31).  Filipino participants 
reported 100% trust. Thereafter, those who considered themselves white or multiple races, 
trusted science 87.5% and 85.2% of the time respectively. 
 
Table 6.15 Cross Tabulation: Science Community is Trustworthy Source of Information and Race 
Cross Tabulation: Science 
Community is Trustworthy 
Source of Information and 
Race 
Race 
Total White Hispanic 
Native 
Hawaiian 
Other 
pacific 
Islander Japanese Filipino Other 
Selected 
Multiple 
Races 
S
ci
en
ce
 C
o
m
m
u
n
it
y
 i
s 
T
ru
st
w
o
rt
h
y
 S
o
u
rc
e 
o
f 
In
fo
rm
at
io
n
 
Yes Count 119 3 6 0 2 2 10 23 165 
% within 
Race 
87.5% 60.0% 66.7% 0.0% 50.0% 100.0% 71.4% 85.2% 83.3% 
No Count 17 2 3 1 2 0 4 4 33 
% within 
Race 
12.5% 40.0% 33.3% 100.0% 50.0% 0.0% 28.6% 14.8% 16.7% 
Total Count 136 5 9 1 4 2 14 27 198 
% within 
Race 
100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
 
     When we look at the question about who is more trustworthy in providing information, 
science or government, most people had some confidence within one or both of the groups. Only 
9.5% of the 222 participants that answered the question thought no one should be trusted.  Most 
people, 45.9% believed science was most trustworthy as opposed to the 4.1% of participants that 
thought the municipal government was a better source of information. Forty and one-half percent 
thought that science and municipal government where equal.  
     Looking beyond the participants as a homogenous group, racial divisions occur. It appears 
that whites (50.7%) and non-Hawaiian pacific islanders (50%) are more likely to trust science 
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(Table 6.16). Native Hawaiians (55.6%) and Japanese (80%) concluded that science and 
municipal government are equally reliable (Figure 6.32). 
 
Table 6.16 Cross Tabulation: Who is a more reliable source of information about Volcanic Hazards & Race 
Cross Tabulation: Who is a 
more reliable source of 
information about Volcanic 
Hazards and Race 
Race 
T
o
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e
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 p
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u
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V
o
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ic
 
H
az
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d
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Science 
Community 
Count 77 2 1 1 0 0 8 13 102 
% in 
Race 50.7% 40.0% 11.1% 50.0% 0.0% 0.0% 50.0% 41.9% 
45.9
% 
Local 
Government 
Count 7 0 0 0 0 1 1 0 9 
% in 
Race 4.6% 0.0% 0.0% 0.0% 0.0% 50.0% 6.3% 0.0% 4.1% 
They are Both 
Equal 
Count 57 2 5 1 4 1 4 16 90 
% in 
Race 37.5% 40.0% 55.6% 50.0% 80.0% 50.0% 25.0% 51.6% 
40.5
% 
Neither Count 11 1 3 0 1 0 3 2 21 
% in 
Race 7.2% 20.0% 33.3% 0.0% 20.0% 0.0% 18.8% 6.5% 9.5% 
Total Count 152 5 9 2 5 2 16 31 222 
% in 
Race 100.0% 100% 100.0% 100.0% 100% 100% 100% 100.0% 
100
% 
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Figure 6.31 Race and Science Community is Trustworthy Source of Information 
   
      
Figure 6.32 Race and Who is a more reliable source of information about Volcanic Hazards? 
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     One measure that does not appear to have any association with ethnicity was cultural beliefs. 
Although one might presume that native islanders, especially Hawaiians, are more apt to have an 
affinity for the belief in Pele, such findings were not apparent.  
     Responses about mitigation opinions did vary by ethnicity (Table 6.17 and Figure 6.33). 
Hispanic participants were most willing to help, 60% stating that they would help build dikes to 
block lava from entering the roadways. Native Hawaiians were also likely, 50.0%, to assist with 
building dikes. Other groups such as whites (31.4%) and those that are multi-racial (39.4%) were 
much less willing to provide assistance. The group least likely to report that they would offer 
help building dikes for the roads were Japanese participants, at 20%. Because the findings are 
only associative we are not able to provide additional information which may determine if this 
willingness, or lack thereof, is knowledge based or belief driven. Further qualitative research 
may be in order.  
     Overall, most participants are not agreeable to assisting with unloading aerial bombs that 
would be used to divert lava (Table 6.18 and Figure 6.34). Of the 235 participants that 
participated in this question, only 15, 6.4%, would provide assistance. Looking more closely at 
the responses between ethnic groups, a different pattern emerges.  Two pacific islanders took 
part in this question. One was willing to help, while the other was not. For this reason, this 
percentage, 50%, appears exceptionally high.  Japanese participants achieved 40% willingness 
within their group.  Ten percent of Native Hawaiians were willing to assist. Multi-racial 
participants were willing to assist 12.1% of the time. All the groups that participated were over 
the mean of 6.4%, except white participants, who were only willing to assist in 3.7% of the 
responses.  
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Figure 6.33 Race and “If you had time would you help build dikes to hold back lava from the road?” 
 
 
 
 
 
Figure 6.34 Race and “if you had time would you unload bombs from the trucks to bomb lava?” 
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Table 6.17 Cross Tabulation: Race and If you had time would you help build dikes to hold back lava from 
the road? 
Cross Tabulation: 
Race and If you had 
time would you help 
build dikes to hold 
back lava from the 
road? 
Race 
T
o
ta
l 
W
h
it
e
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Yes Count 61 3 5 0 1 1 5 13 89 
% 
within 
Race 
38.1% 60.0% 50.0% 0.0% 20.0% 50.0% 29.4% 39.4% 38.0% 
No Count 78 2 5 0 2 1 11 14 113 
% 
within 
Race 
48.8% 40.0% 50.0% 0.0% 40.0% 50.0% 64.7% 42.4% 48.3% 
I don't 
know 
Count 21 0 0 2 2 0 1 6 32 
% 
within 
Race 
13.1% 0.0% 0.0% 100.0% 40.0% 0.0% 5.9% 18.2% 13.7% 
Total Count 160 5 10 2 5 2 17 33 234 
% 
within 
Race 
100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
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Table 6.18 Cross Tabulation: Race and If you had time would you unload bombs from the trucks to bomb 
lava? 
Cross Tabulation: Race 
and If you had time 
would you unload 
bombs from the trucks 
to bomb lava? 
Race 
Total White Hispanic 
Native 
Hawaiian 
Other 
pacific 
Islander Japanese Filipino Other 
Selected 
Multiple 
Races 
If
 y
o
u
 h
ad
 t
im
e 
w
o
u
ld
 y
o
u
 u
n
lo
ad
 
b
o
m
b
s 
fr
o
m
 t
h
e 
tr
u
ck
s 
to
 b
o
m
b
 
la
v
a?
 
Yes Count 6 0 1 1 2 0 1 4 15 
% in 
Race 
3.7% 0.0% 10.0% 50.0% 40.0% 0.0% 5.9% 12.1% 6.4% 
No Count 140 5 9 1 2 2 15 27 201 
% in 
Race 
87.0% 100.0% 90.0% 50.0% 40.0% 100.0% 88.2% 81.8% 85.5% 
I don't 
know 
Count 15 0 0 0 1 0 1 2 19 
% in 
Race 
9.3% 0.0% 0.0% 0.0% 20.0% 0.0% 5.9% 6.1% 8.1% 
Total Count 161 5 10 2 5 2 17 33 235 
% in 
Race 
100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
100.0
% 
100.0% 100.0% 
 
 
Research Question 4: Is there a statistically significant difference in responses of 2013 
participants based upon gender?  
     Tables 6.19 and 6.20 combined with Figures 6.35 and 6.36 pertain to the associations which 
can be made about gender and its effect on how participants view municipal evacuation 
preparedness. Statistically, males are more confident in the abilities of the municipal government 
to evacuate the Puna District in the event of emergency. When asked if the municipality was 
prepared to handle a small scale evacuation, 70.3% of males felt the government could 
effectively manage this task. When asked if the municipality was able to handle a large scale 
evacuation, the percentage diminished to 34.7%.  Females displayed less confidence about the 
municipality’s ability to evacuate Puna in the event of a disaster.  Of the women who responded 
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to the questions, 58.3% of women felt as though a small scale evacuation could be properly 
handled and 22.9% of women felt that a large scale evacuation could be properly executed. The 
statistical significance did vary between both questions. The question pertaining to the small 
scale event had a lower level of significance, whereas the result of the large scale data was more 
significant, with a confidence level of 95%.  
     Evacuation was a topic which prompted many responses from female and one from a male. 
The male responders comment was vastly different than the female comments. One male stated, 
“People are buying cheap land in Puna, with the knowledge of volcanic hazards. They should 
take responsibility for their own actions, and not rely on government agencies.” The females, on 
the other hand, cited concerns about logistics; such examples are being able to afford to leave, 
cooperation of residents to evacuate, personally having a disabled and bed ridden dependent, the 
density of the population that needed to get out and the egress on Hwy 130 which is a one lane 
road.   
Table 6.19 Cross Tabulation: Gender and Is the county prepared to handle a small scale evacuation? 
Cross Tabulation: Gender and Is the county prepared to handle a 
small scale evacuation?  
Gender 
Total Male Female 
Is
 t
h
e 
co
u
n
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p
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 t
o
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 s
m
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l 
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al
e 
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ac
u
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n
? 
Yes  Count 71 77 148 
% within Gender 70.3% 58.3% 63.5% 
No Count 30 55 85 
% within Gender 29.7% 41.7% 36.5% 
Total Count 101 132 233 
% within Gender 100.0% 100.0% 100.0% 
Chi-square=3.534, Degrees of Freedom=1, Probability=.060 
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Figure 6.35 Gender and is the county prepared to handle a small scale evacuation? 
 
 
Table 6.20 Cross Tabulation: Gender and Is the county prepared to handle a large scale evacuation? 
Cross Tabulation: Gender and Is the county prepared to handle a 
large scale evacuation? 
Gender 
Total Male Female 
Is
 t
h
e 
co
u
n
ty
 
p
re
p
ar
ed
 t
o
 
h
an
d
le
 a
 
la
rg
e 
sc
al
e 
ev
ac
u
at
io
n
? Yes Count 35 30 65 
% within Gender 34.7% 22.9% 28.0% 
No Count 66 101 167 
% within Gender 65.3% 77.1% 72.0% 
Total Count 101 131 232 
% within Gender 100.0% 100.0% 100.0% 
Chi-square=3.906, Degrees of Freedom=1, Probability=.048 
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Figure 6.36 Gender and Is the county prepared to handle a large scale evacuation? 
 
     Females were more likely to believe in components of volcanism that are driven by cultural 
tradition. When asked if eruptions had any associations to the behaviors of community members, 
33.6% of females answered affirmatively, as opposed to their males counterparts who agreed 
18.1% of the time. Table 6.21 and Figure 6.37 show the details of these data.  
    There was a significant difference in gender responses regarding the influence of individual 
belief in Pele (Tables 6.22 and Figure 6.38). The likelihood of females believing in Pele was 
73%, compared to the males response rate of 55.6%.  For females, 15.3% reported being 
uncertain about belief in comparison to males being 18.5% uncertain. Only 11.7% of females 
stated that they did not believe in Pele, a considerably smaller percentage than males, whose 
response rate for non-belief was 25.9%. One female participant reported that she has seen Pele 
first hand. She writes, “I spend a great deal of time hiking and communing with Pele. I have 
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hiked several hours each way to photograph and witness…..been present and peaceful only to 
have Pele appear before me.” 
 
Figure 6.37 Gender and "Eruptions happen because people do bad things to Madam Pele.” 
 
 
Table 6.21 Cross Tabulation: "Eruptions happen because people do bad things to Madam Pele" and Gender 
Cross Tabulation: "Eruptions happen because people do bad things 
to Madam Pele" and Gender 
Gender 
Total Male Female 
"E
ru
p
ti
o
n
s 
h
ap
p
en
 
b
ec
au
se
 p
eo
p
le
 d
o
 
b
ad
 t
h
in
g
s 
to
 M
ad
am
 
P
el
e.
" 
Yes Count 19 45 64 
% within Gender 18.1% 33.6% 26.8% 
No Count 65 63 128 
% within Gender 61.9% 47.0% 53.6% 
I don't know Count 21 26 47 
% within Gender 20.0% 19.4% 19.7% 
Total Count 105 134 239 
% within Gender 100.0% 100.0% 100.0% 
Chi-square=7.721, Degrees of Freedom=2, Probability=.021 
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Table 6.22 Cross Tabulation: Gender and "I believe in Pele." 
Cross Tabulation: Gender and "I believe in 
Pele.” 
Gender 
Total Male Female 
"I
 b
el
ie
v
e 
in
 P
el
e.
" 
Yes Count 60 100 160 
% within Gender 55.6% 73.0% 65.3% 
No Count 28 16 44 
% within Gender 25.9% 11.7% 18.0% 
I don't know Count 20 21 41 
% within Gender 18.5% 15.3% 16.7% 
Total Count 108 137 245 
% within Gender 100.0% 100.0% 100.0% 
                 Chi-square=10.005, Degrees of Freedom=2, Probability=.007 
 
 
Figure 6.38 Gender and "I believe in Pele." 
 
     When asked if one would be willing to help unload bombs intended for aerial mitigation of 
lava flows, most participants, both female and male overwhelmingly report that they would not. 
Males were willing to help 9.9% of the time, in comparison to females who would only agree to 
help 3.6% of the time (Table 6.23 and Figure 6.39). Of those who were unsure, males were more 
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likely to be unsure; males were unsure in 11.7% of the surveys, as opposed to women who were 
unsure in 5.0% of the surveys. 
 
Table 6.23 Cross Tabulation: Gender and If you had time would you unload bombs from the trucks to bomb 
lava? 
Cross Tabulation: Gender and If you had time would you unload 
bombs from the trucks to bomb lava? 
Gender 
Total Male Female 
If
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o
u
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o
u
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Yes Count 11 5 16 
% within Gender 9.9% 3.6% 6.4% 
No Count 87 128 215 
% within Gender 78.4% 91.4% 85.7% 
I don't know Count 13 7 20 
% within Gender 11.7% 5.0% 8.0% 
Total Count 111 140 251 
% within Gender 100.0% 100.0% 100.0% 
Chi-square=8.633, Degrees of Freedom= 2, Probability=.013 
 
 
 
Figure 6.39 Gender and “If you had time would you unload bombs from the trucks to bomb lava?” 
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Research Question 5: Is there a statistically significant difference in responses of 2013 
participants based upon age? 
 
     Age of the respondent was generally positively associated with the ability to identify the lava 
zone in which the participants reside.  The progression of participants responding correctly was 
8.3% for participants 18-29 years old; 30-39 year old participants demonstrated the largest gain 
of proper identification, correct 36.8% of the time. Thereafter, 40-49 year old participants were 
correct 45.2% of the time, and 55.6% of participants in the 50-59 were correct. A small 
numerical regression takes place for 60-69 year old participants, correctly identifying their lava 
zone 51.5% of the time, followed by 70-79 year old participants who were correct in 60% of the 
participant responses (Table 6.24 and Figure 6.40).  
 
 
Figure 6.40 Age and Proper Identification of Lava Zone 
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Table 6.24 Cross Tabulation: Proper Identification of Lava Zone and Age 
Cross Tabulation: Proper 
Identification of Lava Zone 
and Age 
Proper Identification of Lava Zone 
Total 
Properly Identified 
Lava Zone 
Improperly 
Identified Lava 
Zone Don't Know 
Age 18-29 Count 3 15 18 36 
% within Age 8.3% 41.7% 50.0% 100.0% 
30-39 Count 14 9 15 38 
% within Age 36.8% 23.7% 39.5% 100.0% 
40-49 Count 14 11 6 31 
% within Age 45.2% 35.5% 19.4% 100.0% 
50-59 Count 35 17 11 63 
% within Age 55.6% 27.0% 17.5% 100.0% 
60-69 Count 35 19 14 68 
% within Age 51.5% 27.9% 20.6% 100.0% 
70-79 Count 9 3 3 15 
% within Age 60.0% 20.0% 20.0% 100.0% 
Total Count 110 74 67 251 
% within Age 43.8% 29.5% 26.7% 100.0% 
Chi-square=31.324, Degrees of Freedom= 10, Probability=.001 
 
     A very small percentage, 45.4%, of the population had ever attempted to get homeowners 
insurance in comparison to national averages (Table 6.25 and Figure 6.41). The remaining 
balance had indicated that they had not tried at 32.1%, or were renters at 22.5%.  Difficulty in 
obtaining insurance, therefore is associated with age. Problems with the data were also 
considered. The majority of participants age 18-59 are not attempting to buy home insurance, 
whereas the 60-69 year old age group has obtained home insurance without difficulty. The age 
group most likely to have difficulty in obtaining homeowners insurance was 50-59. In this group, 
participants reported having difficulty 28.6% of the time, over the mean percentage of difficulty, 
17.7%.  
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Table 6.25 Cross Tabulation: Difficulty Obtaining Home Insurance and Age 
Cross Tabulation: Difficulty 
Obtaining Home Insurance and Age 
Difficulty Obtaining Home Insurance 
Total Yes No Have not tried Renter 
Age 18-29 Count 1 6 14 15 36 
% within Age 2.8% 16.7% 38.9% 41.7% 100.0% 
30-39 Count 3 8 13 14 38 
% within Age 7.9% 21.1% 34.2% 36.8% 100.0% 
40-49 Count 4 7 13 7 31 
% within Age 12.9% 22.6% 41.9% 22.6% 100.0% 
50-59 Count 18 16 20 9 63 
% within Age 28.6% 25.4% 31.7% 14.3% 100.0% 
60-69 Count 14 25 17 10 66 
% within Age 21.2% 37.9% 25.8% 15.2% 100.0% 
70-79 Count 4 7 3 1 15 
% within Age 26.7% 46.7% 20.0% 6.7% 100.0% 
Total Count 44 69 80 56 249 
% within Age 17.7% 27.7% 32.1% 22.5% 100.0% 
 
     Participants were asked if they felt that vog negatively impacts the health of Puna District 
residents. Overall, 71% of participants thought that vog had impacts on the health of area 
residents. Examining the age groups, the group that had the smallest percentage of respondents 
that believed vog effected area health, was 40-49 year old, at 50%. The group which 
demonstrated the strongest belief that vog negatively effects health was the 30-39 year olds, with 
a response rate of 81.1% (Table 6.26 and Figure 6.42).  
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Figure 6.41 Age and Difficulty Obtaining Home Insurance 
 
 
Table 6.26 Cross Tabulation: Feels as though Vog has a negative impact on health of 
residents and Age 
Cross Tabulation: Feels as though 
Vog has a negative impact on health 
of residents and Age 
Feels as though Vog has a negative 
impact on health of residents 
Total Yes No 
Age 18-29 Count 27 9 36 
% within Age 75.0% 25.0% 100.0% 
30-39 Count 30 7 37 
% within Age 81.1% 18.9% 100.0% 
40-49 Count 15 15 30 
% within Age 50.0% 50.0% 100.0% 
50-59 Count 47 14 61 
% within Age 77.0% 23.0% 100.0% 
60-69 Count 48 20 68 
% within Age 70.6% 29.4% 100.0% 
70-79 Count 8 7 15 
% within Age 53.3% 46.7% 100.0% 
Total Count 175 72 247 
% within Age 70.9% 29.1% 100.0% 
              Chi-square=11.856, Degrees of Freedom=5, Probability=.037 
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Figure 6.42 Age and Feels as though Vog has a negative impact on health of residents 
 
 
      There was a significant difference regarding cultural beliefs about Pele and age (Table 6.27 
and Figure 6.43). Over 50% of participants believed that people have been helped by giving 
offerings to Pele.  Participants 50-59 were most likely to believe this statement, with 62.9% of 
participants responding affirmatively. The group which believed the least that some people had 
been helped by Pele was the 70-79 year old age group, believing affirmatively in 20% of 
responses.  
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Figure 6.43 Age and "Some people have been helped by giving offerings or gifts to Pele." 
 
 
Table 6.27 Cross tabulation: "Some people have been helped by giving offerings or gifts to Pele" and Age 
Cross tabulation: "Some people have 
been helped by giving offerings or 
gifts to Pele" and Age 
"Some people have been helped by giving offerings or gifts 
to Pele." 
Total Yes No I don't know 
Age 18-29 Count 20 3 12 35 
% within Age 57.1% 8.6% 34.3% 100.0% 
30-39 Count 18 8 12 38 
% within Age 47.4% 21.1% 31.6% 100.0% 
40-49 Count 13 5 12 30 
% within Age 43.3% 16.7% 40.0% 100.0% 
50-59 Count 39 7 16 62 
% within Age 62.9% 11.3% 25.8% 100.0% 
60-69 Count 32 18 17 67 
% within Age 47.8% 26.9% 25.4% 100.0% 
70-79 Count 3 5 7 15 
% within Age 20.0% 33.3% 46.7% 100.0% 
Total Count 125 46 76 247 
% within Age 50.6% 18.6% 30.8% 100.0% 
Chi-square=21.801, Degrees of Freedom=10, Probability=.078 
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   Another significant difference about cultural belief and age is shown in Table 6.28 and Figure 
6.44. More than one-third of participants between the ages of 30-39 believed that eruptions 
happen as the result of people doing bad things to Madam Pele. In the participants group of 70-
79, less than ten percent believed this statement was true.    
 
Table 6.28 Cross Tabulation: Age and “Eruptions happen because people do bad things to Madam Pele.” 
Cross Tabulation: Age and 
“Eruptions happen because people 
do bad things to Madam Pele.” 
"Eruptions happen because people do bad things to Madam 
Pele." 
Total Yes No I don't know 
Age 18-29 Count 10 13 9 32 
% within Age 
31.3% 40.6% 28.1% 100.0% 
30-39 Count 13 14 10 37 
% within Age 
35.1% 37.8% 27.0% 100.0% 
40-49 Count 5 16 8 29 
% within Age 
17.2% 55.2% 27.6% 100.0% 
50-59 Count 20 33 8 61 
% within Age 
32.8% 54.1% 13.1% 100.0% 
60-69 Count 16 40 11 67 
% within Age 
23.9% 59.7% 16.4% 100.0% 
70-79 Count 1 12 1 14 
% within Age 
7.1% 85.7% 7.1% 100.0% 
Total Count 65 128 47 240 
% within Age 
27.1% 53.3% 19.6% 100.0% 
Chi-Square= 17.032
, 
Degrees of Freedom=10, Probability=.074 
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Figure 6.44 Age and Eruptions Happen Because People do Bad Things to Madam Pele    
 
  
     Table 6.29 and Figure 6.45 depict the responses of participants about personal belief in Pele. 
The mean belief level was 66.9%. The group which yielded the highest level of belief was 30-39 
year olds, with 81.6% of participants reporting that they believe in Pele. The group that believed 
the least was 60-69, at 55.2%. Participants were able to indicate if they did not know, of which 
16.3% of the respondent group so indicated. The group that was uncertain most often was 40-49 
year old, reporting 33.3% incidence of uncertainty.  
     Participants were asked if they would be willing to assist in building dikes to hold lava back 
from the road and results were analyzed to see if an association with age was present (Table 6.30 
and Figure 6.46). Overall, the mean of all participants willing to help building dikes was 38.1%. 
Willingness diminishes as age progresses upward; participants 18-29 stated that they would 
assist in this request 60.0% of the time. The positive response rate was 20% of participants in the 
70-79 group. 
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Figure 6.45 Age and "I believe in Pele.” 
 
 
Table 6.29 Cross Tabulation: “I believe in Pele” and Age 
Cross Tabulation: “I believe in Pele” 
and Age 
"I believe in Pele." 
Total Yes No I don't know 
Age 18-29 Count 26 0 9 35 
% within Age 74.3% 0.0% 25.7% 100.0% 
30-39 Count 31 5 2 38 
% within Age 81.6% 13.2% 5.3% 100.0% 
40-49 Count 17 3 10 30 
% within Age 56.7% 10.0% 33.3% 100.0% 
50-59 Count 45 13 3 61 
% within Age 73.8% 21.3% 4.9% 100.0% 
60-69 Count 37 17 13 67 
% within Age 55.2% 25.4% 19.4% 100.0% 
70-79 Count 8 3 3 14 
% within Age 57.1% 21.4% 21.4% 100.0% 
Total Count 164 41 40 245 
% within Age 66.9% 16.7% 16.3% 100.0% 
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Table 6.30 Cross Tabulation: Age and If you had time would you help build dikes to hold back 
lava from the road? 
Cross Tabulation: Age and If you 
had time would you help build dikes 
to hold back lava from the road? 
If you had time would you help build dikes to 
hold back lava from the road? 
Total Yes No I don't know 
Age 18-29 Count 21 9 5 35 
% within Age 60.0% 25.7% 14.3% 100.0% 
30-39 Count 21 14 3 38 
% within Age 55.3% 36.8% 7.9% 100.0% 
40-49 Count 14 8 9 31 
% within Age 45.2% 25.8% 29.0% 100.0% 
50-59 Count 18 35 8 61 
% within Age 29.5% 57.4% 13.1% 100.0% 
60-69 Count 17 45 5 67 
% within Age 25.4% 67.2% 7.5% 100.0% 
70-79 Count 3 9 3 15 
% within Age 20.0% 60.0% 20.0% 100.0% 
Total Count 94 120 33 247 
% within Age 38.1% 48.6% 13.4% 100.0% 
       Chi-Square= 36.188, Degrees of Freedom= 10, Probability=.000 
 
 
 
Figure 6.46 Age and If you had time would you help build dikes to hold back lava from the road? 
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Research Question 6: Is there a statistically significant difference in responses of 2013 
participants based upon income? 
      In Figure 6.47 and Table 6.31, income is compared with the responses of participant’s ability 
to properly identify their lava zone. The mean correct response was 42.9%. The groups that were 
least likely to correctly identify lava zone were participants in the group under $25,000, with the 
three other groups all above the mean.  
 
 
Figure 6.47 Income and Proper Identification of Lava Zone 
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Table 6.31 Cross Tabulation: Proper Identification of Lava Zone and Income 
Cross Tabulation: Proper Identification of Lava 
Zone and Income 
Income 
Total 
Less than 
$25,000 
$25,000-
$49,999 
$50,000-
$99,999 
$100,000 
or more 
P
ro
p
er
 I
d
en
ti
fi
ca
ti
o
n
 o
f 
L
av
a 
Z
o
n
e 
Properly Identified Lava Zone Count 35 30 12 8 85 
% within 
Income 33.7% 54.5% 52.2% 50.0% 42.9% 
Improperly Identified Lava 
Zone/Don't Know/No 
response 
Count 69 25 11 8 113 
% within 
Income 66.3% 45.5% 47.8% 50.0% 57.1% 
Total Count 104 55 23 16 198 
% within 
Income 100.0% 100.0% 100.0% 100.0% 100.0% 
Chi-Square=7.810, Degrees of Freedom=3, Probability=.050 
 
 
          In Table 6.32 and Figure 6.48 the distribution of participants to obtain homeowners was 
examined based upon income level. Less than half of participants who made under $25,000 
owned a home that they attempted to insure. Participants earning $25,000-$49,999 owned homes 
87.3% of the time, 25.5% reporting difficulties with insurance and 25.5% of participants never 
attempting to insure their homes.  Of participants earning $50,000-$99,999, 91.3% reported 
owning homes and 26.1% had insurance problems. Participants making over $100,000 reported 
owning homes 87.5% of the time and 25.0% reported insurance difficulties.  
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Figure 6.48 Income and Difficulty Obtaining Home Insurance 
 
 
 
 
Table 6.32 Cross Tabulation: Difficulty Obtaining Insurance and Income 
Cross Tabulation: Difficulty 
Obtaining Insurance and Income 
Income 
Total 
Less than 
$25,000 
$25,000-
$49,999 
$50,000-
$99,999 
$100,000 or 
more 
D
if
fi
cu
lt
y
 O
b
ta
in
in
g
 H
o
m
e 
In
su
ra
n
ce
 
Yes Count 13 14 6 4 37 
% within Income 12.7% 25.5% 26.1% 25.0% 18.9% 
No Count 16 20 11 7 54 
% within Income 15.7% 36.4% 47.8% 43.8% 27.6% 
Have not 
tried 
Count 40 14 4 3 61 
% within Income 39.2% 25.5% 17.4% 18.8% 31.1% 
Renter Count 33 7 2 2 44 
% within Income 32.4% 12.7% 8.7% 12.5% 22.4% 
Total Count 102 55 23 16 196 
% within Income 100.0% 100.0% 100.0% 100.0% 100.0% 
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     In general, many participants trust the science community, 80.4%. However, the level of trust 
a participant has can be strongly associated with income level. Those earners between $25,000 
and $99,999, all trusted the science community above the mean level. As indicated in Table 6.33 
and Figure 6.49, the groups below the mean level of trust were participants that made over 
$100,000 and participants that made less than $25,000. The group who trusted science the least 
was the group over $100,000.  
    The trust that participants have in the municipality is lower, with a mean of 70.2%.  Similar to 
trust in science, the groups who had the highest level of trust were the two groups earning 
$25,000-$99,999. The groups that trusted the municipality less than the mean level of trust were 
those participants who made less than $25,000 and participants earning over $100,000. Results 
are shown on table 6.34 and Figure 6.50. 
 
Table 6.33 Cross Tabulation: Science is a Trustworthy Source of Information and Income 
Cross Tabulation: Science is a Trustworthy 
Source of Information and Income 
Income 
Total 
Less than 
$25,000 
$25,000-
$49,999 
$50,000-
$99,999 
$100,000 or 
more 
S
ci
en
ce
 C
o
m
m
u
n
it
y
 i
s 
T
ru
st
w
o
rt
h
y
 S
o
u
rc
e 
o
f 
In
fo
rm
at
io
n
 
Yes Count 67 46 16 6 135 
% within 
Income 
77.9% 92.0% 80.0% 50.0% 80.4% 
No Count 19 4 4 6 33 
% within 
Income 
22.1% 8.0% 20.0% 50.0% 19.6% 
Total Count 86 50 20 12 168 
% within 
Income 
100.0% 100.0% 100.0% 100.0% 100.0% 
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Figure 6.49 Income and Science Community is Trustworthy Source of Information 
 
Table 6.34 Cross Tabulation: Local Municipality is Trustworthy Source of Information and Income 
Cross Tabulation: Local Municipality is 
Trustworthy Source of Information and 
Income 
Income 
Total 
Less than 
$25,000 
$25,000-
$49,999 
$50,000-
$99,999 
$100,000 or 
more 
L
o
ca
l 
M
u
n
ic
ip
al
it
y
 i
s 
T
ru
st
w
o
rt
h
y
 S
o
u
rc
e 
o
f 
In
fo
rm
at
io
n
 
Yes Count 58 40 16 6 120 
% within 
Income 
66.7% 78.4% 80.0% 46.2% 70.2% 
No Count 29 11 4 7 51 
% within 
Income 
33.3% 21.6% 20.0% 53.8% 29.8% 
Total Count 87 51 20 13 171 
% within 
Income 
100.0% 100.0% 100.0% 100.0% 100.0% 
Chi-Square=6.679, Degrees of Freedom=3, Probability=.083 
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Figure 6.50 Income and Local Municipality is Trustworthy Source of Information 
 
       
     In the Puna District, 71.8% of participants believed vog was a health concern. Within the 
income groups, the results varied. In Table 6.35 and Figure 6.51, it demonstrates that participants 
most aligned with the mean are those making less than $25,000 (74.5%). Next, were earners in 
the $25,000-$49,999 (80.0%) bracket. 
     Several groups were below the mean. Nearly 50% of participants in the $50,000-$99,999 
group (47.8) and 60% of those earning over $100,000 indicated that vog was a health concern.  
      A strong association is present from group to group, within the 99% level of probability. 
However, no progressive or regressive association can be found from one group to another, 
based upon income. 
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Table 6.35 Cross Tabulation: Feels as though Vog has a negative impact on health of residents and Income 
Cross Tabulation: Feels as though Vog has a 
negative impact on health of residents and 
Income 
Income 
Total 
Less than 
$25,000 
$25,000-
$49,999 
$50,000-
$99,999 
$100,000 or 
more 
F
ee
ls
 a
s 
th
o
u
g
h
 V
o
g
 
h
as
 a
 n
eg
at
iv
e 
im
p
ac
t 
o
n
 h
ea
lt
h
 o
f 
re
si
d
en
ts
 
Yes Count 76 44 11 9 140 
% within 
Income 
74.5% 80.0% 47.8% 60.0% 71.8% 
No Count 26 11 12 6 55 
% within 
Income 
25.5% 20.0% 52.2% 40.0% 28.2% 
Total Count 102 55 23 15 195 
% within 
Income 
100.0% 100.0% 100.0% 100.0% 100.0% 
Chi-Square=9.756, Degrees of Freedom= 3, Probability=.021 
 
 
 
Figure 6.51 Income and Feels as though Vog has a negative impact on health of residents 
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     Overall, 68.4% of participants personally believe in Pele, 14.8% do not, and 16.8% are unsure 
(Table 6.36 and Figure 6.52). From group to group, those who report being unsure vary the 
greatest. The groups that had the least uncertainty were participants that earned $50,000-$99,999, 
where 31.8% of participants were unsure of if they believed in Pele. This percentage is nearly 
double the mean rate participants that responded with uncertainty. Within in this group, it was 
the group with the lowest response of participants that did not believe in Pele, at 9.1% and the 
lowest response rate of those that did, with 59.1% stating that they did believe in Pele. 
 
 
Figure 6.52 Income and "I believe in Pele." 
 
     Participant’s willingness to assist in unloading aerial bombs is associated with income, as 
shown in Table 6.37 and Figure 6.53.  The overall mean of those willing to assist with this 
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process was 7.1%, and most participants, 85.3%, would not help. Those who were uncertain 
totaled 7.6% of participants. The only groups willing to assist with this process above the mean 
level, made over $100,000, whereas 25% of participants said they would provide assistance if 
they had time. 
 
Table 6.36 Cross Tabulation: “I believe in Pele” and Income 
Cross Tabulation: “I believe in 
Pele” and Income 
Income 
Total 
Less than 
$25,000 
$25,000-
$49,999 
$50,000-
$99,999 
$100,000 or 
more 
"I
 b
el
ie
v
e 
in
 P
el
e.
" 
Yes Count 74 36 13 11 134 
% within Income 71.8% 65.5% 59.1% 68.8% 68.4% 
No Count 11 14 2 2 29 
% within Income 10.7% 25.5% 9.1% 12.5% 14.8% 
I don't 
know 
Count 18 5 7 3 33 
% within Income 17.5% 9.1% 31.8% 18.8% 16.8% 
Total Count 103 55 22 16 196 
% within Income 100.0% 100.0% 100.0% 100.0% 100.0% 
Chi-Square= 11.424
, 
Degrees of Freedom= 6, Probability=.076 
     
Table 6.37  If you had time would you help unload bombs from the trucks to bomb lava and Income 
If you had time would you help unload 
bombs from the trucks to bomb lava 
and Income 
Income 
Total 
Less than 
$25,000 
$25,000-
$49,999 
$50,000-
$99,999 
$100,000 or 
more 
If
 y
o
u
 h
ad
 t
im
e 
w
o
u
ld
 
y
o
u
 u
n
lo
ad
 b
o
m
b
s 
fr
o
m
 
th
e 
tr
u
ck
s 
to
 b
o
m
b
 l
av
a?
 
Yes Count 5 4 1 4 14 
% within Income 4.9% 7.3% 4.3% 25.0% 7.1% 
No Count 94 44 20 10 168 
% within Income 91.3% 80.0% 87.0% 62.5% 85.3% 
I don't 
know 
Count 4 7 2 2 15 
% within Income 3.9% 12.7% 8.7% 12.5% 7.6% 
Total Count 103 55 23 16 197 
% within Income 100.0% 100.0% 100.0% 100.0% 100.0% 
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Figure 6.53 Income and “If you had time would you unload bombs from the trucks to bomb lava?” 
 
 
Research Question 7: Is there a statistically significant difference in responses of 2013 
participants based upon education? 
     Based upon a neighborhood of residence, the predominant education level varies (Figure 6.54 
and Table 6.38).  Ainalona, Hawaiian Beaches, Nanawale, Leilani, and Black Sands recorded 
most residents with lower level of education, while Hawaiian Paradise Park and Orchidland had 
the highest. Kapoho and Kalapana districts were mixed.  
     The ability to identify residential lava zone, was associated with educational level as shown 
on Table 6.39 and Figure 6.55. The groups that were able to identify their lava in more than 50% 
of responses were participants with bachelor’s degrees and graduate degrees. 
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Figure 6.54 Education and Neighborhood 
 
 
 
Figure 6.55 Education and Proper Identification of Lava Zone 
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Table 6.38 Cross Tabulation: Education and Neighborhood 
Cross Tabulation: Education and 
Neighborhood 
Education 
Total 
Some High 
School/ Graduate 
or GED 
Some 
College/Associate's 
Degree 
Bachelor's 
Degree 
Graduate 
Degree 
N
ei
g
h
b
o
rh
o
o
d
 
Hawaiian 
Paradise Park 
Count 1 3 5 4 13 
% within Neighborhood 7.7% 23.1% 38.5% 30.8% 100.0% 
Orchidland Count 0 0 1 1 2 
% within Neighborhood 0.0% 0.0% 50.0% 50.0% 100.0% 
Ainaloni Count 5 2 1 3 11 
% within Neighborhood 45.5% 18.2% 9.1% 27.3% 100.0% 
Hawaiian 
Beaches 
Count 4 2 1 1 8 
% within Neighborhood 50.0% 25.0% 12.5% 12.5% 100.0% 
Hawaiian 
Shores 
Count 0 5 1 0 6 
% within Neighborhood 0.0% 83.3% 16.7% 0.0% 100.0% 
Nanawale Count 2 5 1 3 11 
% within Neighborhood 18.2% 45.5% 9.1% 27.3% 100.0% 
Pahoa Count 3 8 6 6 23 
% within Neighborhood 13.0% 34.8% 26.1% 26.1% 100.0% 
Leilani Count 3 18 17 5 43 
% within Neighborhood 7.0% 41.9% 39.5% 11.6% 100.0% 
Kapoho Count 5 13 12 8 38 
% within Neighborhood 13.2% 34.2% 31.6% 21.1% 100.0% 
Black Sands Count 5 2 2 3 12 
% within Neighborhood 41.7% 16.7% 16.7% 25.0% 100.0% 
Kalapana Count 8 21 20 23 72 
% within Neighborhood 11.1% 29.2% 27.8% 31.9% 100.0% 
Other/ None 
Identified 
Count 2 4 4 2 12 
% within Neighborhood 16.7% 33.3% 33.3% 16.7% 100.0% 
Total Count 38 83 71 59 251 
% within Neighborhood 15.1% 33.1% 28.3% 23.5% 100.0% 
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Table 6.39 Cross Tabulation: Proper Identification of Lava Zone  and Education 
Cross Tabulation: Proper Identification of 
Lava Zone  and Education 
Education 
Total 
Up to High 
School 
Graduate or 
GED 
Some 
College/Associate's 
Degree 
Bachelor's 
Degree 
Graduate 
Degree 
P
ro
p
er
 I
d
en
ti
fi
ca
ti
o
n
 o
f 
L
av
a 
Z
o
n
e 
Properly 
Identified Lava 
Zone 
Count 7 37 36 31 111 
% within 
Education 
18.4% 44.6% 50.7% 52.5% 44.2% 
Improperly 
Identified Lava 
Zone/Don't 
Know/No 
response 
Count 31 46 35 28 140 
% within 
Education 
81.6% 55.4% 49.3% 47.5% 55.8% 
Total Count 38 83 71 59 251 
% within 
Education 
100.0% 100.0% 100.0% 100.0% 100.0% 
Chi-Square=13.125, Degrees of Freedom=3, Probability=.004 
 
 
     Variations were reported in ability to obtain home insurance in Table 6.40 and Figure 6.56 
when compared with a participant’s education level. Overall, 18.5% of people reported having 
difficulty getting home insurance. In the group that had a high school education or less, 63.2% of 
them owned home and 7.9% reported difficulties. This can be attributed to the fact that 39.5% of 
them had not attempted to get homeowners insurance. In the group that has some college or an 
associate’s degree, 79.3% of them were homeowners, of which 19.2% reported having 
difficulties getting insurance and 41.5% of them had not tried. Eighty-three percent of bachelor’s 
degree holders owned homes of this group was more apt to attempt to get homeowners insurance 
than the lesser educated groups.  Therefore, an increased level, 21.4%, had difficulty with 
obtaining insurance. Last, 78.0% of the graduate degree holders owned their home and of them 
25.4% said they had difficulty in purchasing insurance. This group was the group most likely to 
attempt to purchase homeowners insurance. One limitation of this question is that we were not 
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able to secure the answer to why they had trouble. Therefore, follow up investigation about 
pricing and availability may be in order from a more qualitative investigative measure. 
 
Table 6.40 Cross Tabulation: Difficulty Obtaining Home Insurance and Education 
Cross Tabulation: Difficulty 
Obtaining Home Insurance and 
Education 
Education 
Total 
Up to High 
School Graduate 
or GED 
Some 
College/Associate's 
Degree 
Bachelor's 
Degree 
Graduate 
Degree 
D
if
fi
cu
lt
y
 O
b
ta
in
in
g
 H
o
m
e 
In
su
ra
n
ce
 
Yes Count 3 13 15 15 46 
% within Education 7.9% 15.9% 21.4% 25.4% 18.5% 
No Count 6 18 24 20 68 
% within Education 15.8% 22.0% 34.3% 33.9% 27.3% 
Have not 
tried 
Count 15 34 19 13 81 
% within Education 39.5% 41.5% 27.1% 22.0% 32.5% 
Renter Count 14 17 12 11 54 
% within Education 36.8% 20.7% 17.1% 18.6% 21.7% 
Total Count 38 82 70 59 249 
% within Education 100.0% 100.0% 100.0% 100.0% 100.0% 
Chi-square=19.549, Degrees of Freedom= 9, Probability=0.21 
 
 
 
 
Figure 6.56 Education and Difficulty Obtaining Home Insurance 
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     In Table 6.41 and Figure 6.57, there is a significant difference in the perception of evacuation. 
Groups that had an Associate’s degree or less were most likely to believe they would never need 
to evacuate their homes. More educated residents, those with a bachelor’s or higher, expected to 
evacuate at some point.  
     The overall incidence of participants believing that eruptions happen when people do bad 
things to Pele was 27.6%, 53.6% of participants disagreed and 18.8% were unsure. For 
participants with a graduate degree, they agreed with the statement less often, (19.0%) while 
holders of bachelor’s degrees were the group most likely to believe the statement.  Generally, 
18.4% of participants were not able to settle on an answer for this question, electing “I don’t 
know.” Participants with a high school education or less could not choose an answer on 29.4% of 
surveys. As education levels progressed, indecision diminished. Graduate degree holders were 
unsure at a rate of 10.3% (Table 6.42 and Figure 6.58).   
 
Figure 6.57 Education and Feels as though may need to evacuate in life time     
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Table 6.41 Cross Tabulation: Feels as Though may need to evacuate in life time and Education 
Cross Tabulation: Feels as Though may need 
to evacuate in life time and Education 
Education 
Total 
Up to 
High 
School 
Graduate 
or GED 
Some 
College/ 
Associate's 
Degree 
Bachelor's 
Degree 
Graduate 
Degree 
F
ee
ls
 a
s 
th
o
u
g
h
 m
ay
 
n
ee
d
 t
o
 e
v
ac
u
at
e 
in
 l
if
e 
ti
m
e 
Yes Count 11 19 29 32 91 
% within Feels as though may 
need to evacuate in life time 
34.4% 28.4% 43.3% 58.2% 41.1% 
No Count 21 48 38 23 130 
% within Feels as though may 
need to evacuate in life time 
65.6% 71.6% 56.7% 41.8% 58.9% 
Total Count 32 67 67 55 221 
% within Feels as though may 
need to evacuate in life time 
100.0% 100.0% 100.0% 100.0% 100.0% 
Chi-Square=11.845, Degrees Of Freedom= 3, Probability=.008 
 
  
Table 6.42 Cross Tabulation: "Eruptions happen because people do bad things to Madam Pele" and 
Education 
Cross Tabulation: "Eruptions happen 
because people do bad things to 
Madam Pele" and Education 
Education 
Total 
Up to High 
School 
Graduate or 
GED 
Some 
College/Associate's 
Degree 
Bachelor's 
Degree 
Graduate 
Degree 
"E
ru
p
ti
o
n
s 
h
ap
p
en
 
b
ec
au
se
 p
eo
p
le
 d
o
 b
ad
 
th
in
g
s 
to
 M
ad
am
 P
el
e.
" Yes Count 9 23 23 11 66 
% within Education 26.5% 29.5% 33.3% 19.0% 27.6% 
No Count 15 39 33 41 128 
% within Education 44.1% 50.0% 47.8% 70.7% 53.6% 
I don't 
know 
Count 10 16 13 6 45 
% within Education 29.4% 20.5% 18.8% 10.3% 18.8% 
Total Count 34 78 69 58 239 
% within Education 100.0% 100.0% 100.0% 100.0% 100.0% 
Chi-Square=11.213, Degrees of Freedom 6, Probability=.082 
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Figure 6.58 Education and "Eruptions happen because people do bad things to Madam Pele.” 
 
     Overall, 38.1% of participants would attempt to build dikes that could hold back lava from 
area roadways. As the level of education rose, participants became less willing to assist in dike 
building. The group most willing, those with high school education or less, would assist in 
54.1% of survey responses. At the highest level of education, a graduate degree, survey 
participants reported the willingness to help in a dike building effort at a response rate of 29.3%. 
Table 6.43 and Figure 6.59 are shown below. 
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Table 6.43 Cross Tabulation: Education and If you had time would you help build dikes to hold back lava 
from the road? 
Cross Tabulation: Education and If 
you had time would you help build 
dikes to hold back lava from the 
road? 
Education 
Total 
Up to High 
School 
Graduate or 
GED 
Some 
College/Associate's 
Degree 
Bachelor's 
Degree 
Graduate 
Degree 
If
 y
o
u
 h
ad
 t
im
e 
w
o
u
ld
 y
o
u
 h
el
p
 b
u
il
d
 
d
ik
es
 t
o
 h
o
ld
 b
ac
k
 l
av
a 
fr
o
m
 t
h
e 
ro
ad
? 
Yes Count 20 36 21 17 94 
% within 
Education 
54.1% 43.4% 30.4% 29.3% 38.1% 
No Count 13 36 41 30 120 
% within 
Education 
35.1% 43.4% 59.4% 51.7% 48.6% 
I don't 
know 
Count 4 11 7 11 33 
% within 
Education 
10.8% 13.3% 10.1% 19.0% 13.4% 
Total Count 37 83 69 58 247 
% within 
Education 
100.0% 100.0% 100.0% 100.0% 100.0% 
Chi-Square=11.029, Degrees of Freedom=6, Probability=.087 
 
 
 
 
Figure 6.59 Education and If you had time would you help build dikes to hold back lava from the road? 
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Research Question 8: Is there a statistically significant difference in responses of 2013 
participants based upon time of residence in the Puna District? 
     There was a significant difference in the length of residence and ability to properly identify 
lava zones (Table 6.44 and Figure 6.60).  In the Puna District, the longer participants resided in 
the area was associated with higher percentages of correctly selecting their lava zone. Of the 
residency groups, participants who resided in the area less than two years were able to correctly 
identify their lava zone 27.5% of the time and those who lived in Puna from two to five years 
were correct 38.1% of the time. The remaining groups were correct at a greater rate than the 
mean percentage. For participants that reported living in Puna more than five years but less than 
ten years, the group was correct 48.7% of the time. Participants that lived in the Puna District for 
10 to less than 20 years correctly identified their lava zone 50% of the time. Participants who 
lived in Puna more than 20 years were most successful, correctly identifying their homes lava 
zone, 54.3% of the time. 
Table 6.44 Cross Tabulation: Proper Identification of Lava Zone and Length of Residence 
Cross Tabulation: Proper Identification of Lava 
Zone and Length of Residence 
Length of Residence 
T
o
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1
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2
0
 Y
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o
v
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P
ro
p
er
 I
d
en
ti
fi
ca
ti
o
n
 o
f 
L
av
a 
Z
o
n
e 
Properly Identified 
Lava Zone 
Count 11 16 19 19 25 90 
% within Length of 
Residence 
27.5% 38.1% 48.7% 50.0% 54.3% 43.9% 
Improperly Identified 
Lava Zone/Don't 
Know/No response 
Count 29 26 20 19 21 115 
% within Length of 
Residence 72.5% 61.9% 51.3% 50.0% 45.7% 56.1% 
Total Count 40 42 39 38 46 205 
% within Length of 
Residence 
100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
Chi-square=7.923, Degrees of Freedom=4, Probability=.094 
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Figure 6.60 Length of Residence and Proper Identification of Lava Zone 
 
 
       The length of time a participant has lived in the area is associated with the level of difficulty 
they experience when trying to get home insurance. One confounding variable is that, generally, 
participants that live in the area longer are more likely to have settled into a home which is 
owned. Participants who lived in the area for less than 2 years only attempted to get home 
insurance 17.5% of the time. Of these people, 5% reported being unsuccessful. Participants 
living in the area 2-5 years were more than twice as likely to attempt to get home insurance, 
making an attempt within 40.4% of the participant group. In this group, 21.4% were 
unsuccessful. Fifty five percent of participants who lived in Puna for more than 5 years and less 
than ten years attempted to get home insurance with a lack of success of 18.4%. Participants who 
lived in Puna for at least ten years but less than twenty years were less successful in getting 
homeowners insurance. In this group, 42.1% of participants tried to get insurance and of those 
participants, 13.2% could not. Last, participants who met or exceeded the twenty year threshold 
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had reported attempting to get home insurance at a rate of 56.5%, of these attempts to get 
insurance, 30.4% had difficulty (Figure 6.61 and Table 6.45).  
     Participants were surveyed to assess their willingness to evacuate if it was recommended and 
results were cross-tabulated with length of residence (Tables 6.46 and Figure 6.62). The mean of 
the overall group who would evacuate was 85.4% and many of the groups were in close 
proximity to this mean. For participants in the mid-range group results were: two to five years 
reporting 83.8% would evacuate, 88.2% of residents that lived in Puna over five but less than ten 
would leave and participants that lived in Puna at least ten years but less than twenty years were 
agreeable to evacuation in 88.2% of the surveys. It is the upper and lower years of residency 
where a significant difference takes place. Ninety-seven percent of participants that lived in Puna 
less than 2 years reported that they would, whereas 73.3% of participants that lived in Puna 
twenty years of more would leave. 
 
Figure 6.61 Length of Residence and Difficulty Obtaining Home Insurance 
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Table 6.45 Cross Tabulation: Difficulty Obtaining Home Insurance and Length of Residence 
Cross Tabulation: Difficulty Obtaining Home 
Insurance and Length of Residence 
Length of Residence 
Total 
Up to 2 
Years 
2 Years to 
5 Years 
Over 5 
Years but 
less than 
10 Years 
10 Years 
but less 
than 20 
Years 
20 Years 
and over 
D
if
fi
cu
lt
y
 O
b
ta
in
in
g
 H
o
m
e 
In
su
ra
n
ce
 
Yes Count 2 9 7 5 14 37 
% within Length of 
Residence 
5.0% 21.4% 18.4% 13.2% 30.4% 18.1% 
No Count 5 8 14 11 12 50 
% within Length of 
Residence 
12.5% 19.0% 36.8% 28.9% 26.1% 24.5% 
Have not 
tried 
Count 15 12 11 13 14 65 
% within Length of 
Residence 
37.5% 28.6% 28.9% 34.2% 30.4% 31.9% 
Renter Count 18 13 6 9 6 52 
% within Length of 
Residence 
45.0% 31.0% 15.8% 23.7% 13.0% 25.5% 
Total Count 40 42 38 38 46 204 
% within Length of 
Residence 
100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
Chi-square=25.439, Degrees of Freedom=12, Probability=.013 
 
 
     Participants that lived in Puna for less than two years are most likely to indicate that vog does 
not have a health impact in area residents. Within this group, as shown on Table 6.47 and Figure 
6.63, 57.9% of participants had this belief. Within the participant group, 73.1% of participants 
reported that vog played a role in the health of some area residents. The two groups that were 
more likely than the mean to report that an association as present between vog and health 
disparities was the group who lived in Puna for more than five years but less than ten, reporting 
in 89.7% of responses that a link was present, and 80.4% of participants of the group that lived in 
Puna at least twenty years, had this belief.  
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Figure 6.62 Length of Residence and Would Evacuate if Recommended 
 
 
Table 6.46 Cross Tabulation: Would Evacuate if recommended and Length of Residence 
Cross Tabulation: Would Evacuate if 
recommended and Length of Residence 
Length of Residence 
Total 
Up to 2 
Years 
2 Years to 
5 Years 
Over 5 
Years but 
less than 
10 Years 
10 Years 
but less 
than 20 
Years 
20 Years 
and over 
W
o
u
ld
 E
v
ac
u
at
e 
if
 
R
ec
o
m
m
en
d
ed
 
Yes Count 35 31 29 30 33 158 
% within Length 
of Residence 
97.2% 83.8% 87.9% 88.2% 73.3% 85.4% 
No Count 1 6 4 4 12 27 
% within Length 
of Residence 
2.8% 16.2% 12.1% 11.8% 26.7% 14.6% 
Total Count 36 37 33 34 45 185 
% within Length 
of Residence 
100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
Chi-square=9.753, Degrees of Freedom=4, Probability=.045 
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     Across all residency groups, participants took the time to comment on the effects of vog. 
Most reported that the effect of vog was slight and varied by wind movements. One resident of 
four years offered her opinion about vog and health stating, “Vog- it affects some people worse 
depending on their genetics and exactly where they live in Puna. Other areas of the island are 
more affected.” 
 
 
Table 6.47 Cross Tabulation: Feels as though Vog has a negative impact on health of residence and Length of 
Residence 
Cross Tabulation: Feels as though Vog has 
a negative impact on health of residence 
and Length of Residence 
Length of Residence 
Total 
Up to 2 
Years 
2 Years to 
5 Years 
Over 5 
Years but 
less than 
10 Years 
10 Years 
but less 
than 20 
Years 
20 Years 
and over 
F
ee
ls
 a
s 
th
o
u
g
h
 V
o
g
 h
as
 a
 n
eg
at
iv
e 
im
p
ac
t 
o
n
 
h
ea
lt
h
 o
f 
re
si
d
en
ts
 
Yes Count 22 27 35 26 37 147 
% within Length of 
Residence 
57.9% 65.9% 89.7% 70.3% 80.4% 73.1% 
No Count 16 14 4 11 9 54 
% within Length of 
Residence 
42.1% 34.1% 10.3% 29.7% 19.6% 26.9% 
Total Count 38 41 39 37 46 201 
% within Length of 
Residence 
100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
Chi-square=12.476, Degree of Freedom=4, Probability=.014 
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Figure 6.63 Length of Residence and Feels as though Vog has a negative impact on health of residents 
 
 
 
     When asked if some people had ever been helped as the result of making offerings to Pele, the 
length of one’s residency played a role in their response. Overall, as shown in Table 6.48 and 
Figure 6.64, the mean rate of positive response was 48.7%. Of this entire group, results varied 
based upon the length of the participant’s residency. Those most likely to agree that people have 
been helped as the result of gift giving were those who lived in Puna the longest, at least twenty 
years. In this group, 68.2% of participants felt this was possible. The two groups that were least 
likely to believe that some people could receive help as the result of making offerings, were the 
two groups that encompass residents that resided in Puna more than five years but less than 
twenty years, respectively, 36.8% and 39.5%. Newer residents, those residing in Puna 5 years or 
less, tended to believe the statement in close proximity to the mean percentage.  
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Table 6.48 Cross Tabulation: "Some people have been helped by giving offerings or gifts to Pele" and 
Length of Residence 
Cross Tabulation: "Some people have been 
helped by giving offerings or gifts to Pele" 
and Length of Residence 
Length of Residence 
Total 
Up to 2 
Years 
2 Years to 
5 Years 
Over 5 
Years but 
less than 
10 Years 
10 Years 
but less 
than 20 
Years 
20 Years 
and over 
"S
o
m
e 
p
eo
p
le
 h
av
e 
b
ee
n
 h
el
p
ed
 b
y
 
g
iv
in
g
 o
ff
er
in
g
s 
o
r 
g
if
ts
 t
o
 P
el
e.
" Yes Count 17 21 14 15 30 97 
% within Length 
of Residence 
44.7% 51.2% 36.8% 39.5% 68.2% 48.7% 
No Count 7 5 13 6 6 37 
% within Length 
of Residence 
18.4% 12.2% 34.2% 15.8% 13.6% 18.6% 
I don't know Count 14 15 11 17 8 65 
% within Length 
of Residence 
36.8% 36.6% 28.9% 44.7% 18.2% 32.7% 
Total Count 38 41 38 38 44 199 
% within Length 
of Residence 
100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
Chi-Square=17.070, Degree of Freedom=8, Probability=.029 
 
 
 
Figure 6.64 Length of Residence and “Some people have been helped by giving offerings or gifts to Pele." 
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     Historically, dikes have been built to attempt to hold back lava from roads and 
neighborhoods. Participants were asked to affirm if they would be willing to assist in this effort 
(Table 6.49 and Figure 6.65). Significantly different responses were found based on length of 
residence. Participants who lived in Puna less than two years were willing to help most, 50% of 
the time. Next, participants who reported living in Puna from 2-5 years stated they would assist 
46.7% of the time. The percentage rate diminished to 25.6% for participants who have lived in 
Puna for more than five years but less than ten years. Only 23.7% of participants living in Puna 
for at least ten years but less than twenty years would help. The only slight increase that was 
present in the regressive trend was participants that lived in Puna for more than 20 years. A slight 
peak exists here with those reporting that they would make this commitment in 31.8% of 
responses. 
 
Figure 6.65 Length of Residence and “if you had time would you help build dikes to hold back lava from the road? 
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Table 6.49 Cross Tabulation: If you had time would you help build dikes to hold back lava from the road 
and Length of Residence 
Cross Tabulation: If you had time 
would you help build dikes to hold 
back lava from the road and Length of 
Residence 
Length of Residence 
Total 
Up to 2 
Years 
2 Years 
to 5 
Years 
Over 5 Years 
but less than 
10 Years 
10 Years but 
less than 20 
Years 
20 Years 
and over 
If
 y
o
u
 h
ad
 t
im
e 
w
o
u
ld
 y
o
u
 h
el
p
 b
u
il
d
 
d
ik
es
 t
o
 h
o
ld
 b
ac
k
 l
av
a 
fr
o
m
 t
h
e 
ro
ad
?
 
Yes Count 19 20 10 9 14 72 
% within Length of 
Residence 
50.0% 47.6% 25.6% 23.7% 31.8% 35.8% 
No Count 7 18 23 23 28 99 
% within Length of 
Residence 
18.4% 42.9% 59.0% 60.5% 63.6% 49.3% 
I don't 
know 
Count 12 4 6 6 2 30 
% within Length of 
Residence 31.6% 9.5% 15.4% 15.8% 4.5% 14.9% 
Total Count 38 42 39 38 44 201 
% within Length of 
Residence 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
Chi-square=28.995, Degrees of Freedom=8, Probability=.000 
 
 
     Generally, positive opinions about bombing lava to divert it from infrastructure decrease as 
length of residence in the area increases. Participants that are in their first two years of residence 
in Puna are most likely to agree that this tactic should be used. Nearly thirty one percent of 
participants agreed that this tactic should be implemented. Less than half the number of 
participants were in agreement by the time they have lived in Puna for two years, were a 
reduction in support for this potential practice can be seen in Table 6.50 and Figure 6.66.  
Residents that lived in Puna from 2-5 years, supported this practice 14.3% of the time. For 
participants that have lived in Puna for more than 5 years but less than 10 years, support gains 
slight momentum and 20.5% support the measure. After that, the ongoing reduction in support 
resumes as participants that have lived in Puna for 10 years but less than 20 years reduced 
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support to 13.2% followed by participants that had been in Puna for more than 20 years, 
supporting bombing in only 2.2% of responses. 
 
Table 6.50 Cross Tabulation: Should Soldiers bomb lava to stop it from burning homes and Length of 
Residence 
Cross Tabulation: Should Soldiers bomb lava to 
stop it from burning homes and Length of 
Residence 
Length of Residence 
Total 
Up to 2 
Years 
2 Years to 
5 Years 
Over 5 
Years but 
less than 
10 Years 
10 Years 
but less 
than 20 
Years 
20 Years 
and over 
S
h
o
u
ld
 S
o
ld
ie
rs
 b
o
m
b
 
la
v
a 
to
 s
to
p
 i
t 
fr
o
m
 
b
u
rn
in
g
 h
o
m
es
? 
Yes Count 2 2 1 2 2 9 
% within Length of Residence 5.1% 4.8% 2.6% 5.3% 4.4% 4.4% 
No Count 25 34 30 31 42 162 
% within Length of Residence 64.1% 81.0% 76.9% 81.6% 93.3% 79.8% 
I don't 
know 
Count 12 6 8 5 1 32 
% within Length of Residence 30.8% 14.3% 20.5% 13.2% 2.2% 15.8% 
Total Count 39 42 39 38 45 203 
% within Length of Residence 
100.0% 100.0% 100.0% 100.0% 100.0% 
100.0
% 
Chi-square=14.304, Degrees of Freedom=9, Probability=.074 
 
 
 
 
Figure 6.66 Length of Residence and Should Soldiers bomb lava to stop it from burning homes?  
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Chapter 7 
 Conclusion 
 
     If you speak to any local resident, you can expect to find a comment which supports the 
notion that “Puna has more Aloha than any other place in Hawaii.” Puna residents endure the 
risk of disaster to enjoy their love of the island, honor of Pele, and adoration for the island spirit 
which is present in the area. Residents speak of the Kilauea as energy worthy of respect. This 
island spirit passes from person to person and generation to generation. In speaking to a large 
majority of the 265 participants, this was a consistent message received. Not one participant had 
a negative attitude or comment about their choice of residence. The people of Puna live in the 
wake of Pele’s will, by choice.  
 
 Lava Zones 
     Participants exposed to social experiences rich with education about local geography were 
able to correctly identify lava zones more often than those who had less exposure. Participants 
who lived in Puna longer, were older, had higher incomes, and were married fit into this group.  
     Participants that were homeowners were also better able to identify lava zones. The process of 
buying a home often introduces homeowners to a variety of area knowledge which is discovered 
in the buying, mortgaging, and inspection processes of home buying. 
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     Participants that were able to identify lava zone correctly, also demonstrated more disaster 
knowledge and preparedness. These participants were most likely to believe an evacuation was 
possible in their lifetime. 
     The ability of a resident to properly indicate their lava zone was a good indicator of their 
overall disaster knowledge and preparedness. This is important because the cooperative effort of 
residents is imperative when evacuation is necessary. With increased community education, 
residents can become more aware of their environment, which may lead to greater community 
support for recommended evacuations.  
 
Belief Systems 
     Participants are reporting higher levels of belief in Pele, including physical aspects of 
worship, such as making offerings than in 1960, and were generally more confident in their 
responses; they reported being unsure less often in 2013. The heightened level of belief being 
reported could be justified in two ways. First, people may actually have a stronger sense of belief 
in Pele, after nearly thirty years of ongoing eruptions with no major losses. For most residents, 
since 1983, the presence of lava flow has been a constant in their lives, unlike residents of 1960.  
The presence of technology has educated residents about the scientific aspect of lava flow. 
Greater awareness about Kilauea may have left residents yearning for a cultural tie to fill the 
void from the spiritual aspect of their identity. Alternatively, participants may just be more 
comfortable reporting their feelings than participants in 1960.  
     Beliefs about mitigation tactics have also evolved as the result of access to education. 
Residents are educated about the limitations and effectiveness of building dikes and aerial 
bombing. Participants have sources of education which were unavailable to participants of the 
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1960 survey. Knowledge has been passed down to current residents from the events of 1960. 
This word of mouth method of learning has educated residents that the effectiveness of lava 
diversion is limited. Accessibility to modern computer based tools such as GPS, topographic 
maps, Google Earth, and other software applications gives better perspective to the hazards 
which may impact the local terrain. Because the general public often has access to visual tools, 
often in real time, impressions about mitigation tactics have changed and residents may have the 
ability to make more informed decisions.  
     Last, although aerial bombs have never had great support, the support level is lower in 2013 
than 1960. Qualitative responses indicate the concept of bombing has become problematic in the 
minds of many modern Americans which could affect the level of support for aerial bombing 
measures as a diversion tactic.  
     Research question one sought to compare the differences of resident in 1960 and 2013. The 
findings were important because the evolution of opinions over time are helpful to municipal 
planners in proposing plans that may be used during volcanic events that will be supported by the 
community. 
 
Racial Differences 
    Many Caucasians are transplants who received their education on the Mainland, in a science 
driven society. This is a potential reason why whites trust science more than Native Hawaiians. 
Municipal trust is consistently lower within ethnic groups. Native Hawaiians trust science no 
more than the municipality, sometimes reporting that they trust neither. On the other hand, 
whereas whites follow the trend in the survey that dikes do not work, Native Hawaiians are more 
open to the prospect of trying to use dikes as a diversion tool for lava mitigation. As researchers, 
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we must ask what caused this and explore ways it can be fixed.  Hopefully, future outreach 
endeavors in the Hawaiian community, with the use of respected community leaders, can bridge 
this gap.  
    One conclusion which was not expected was that there was no association between race and 
belief in Pele.  The notion that Hawaiians have a larger affinity to the concept of Pele was a 
stereo type which was not statistically supported. One participant’s interaction stressed the 
essence of the spirit of community which exists in Puna. He said, “Here, we have many different 
cultures. The volcano is what unites us. It is the one thing we have that we all have in common.” 
He was a white gentleman who recognized the importance of Pele in the lives of many 
community members. The culture is something which is willingly embraced by all, not a belief 
system which is reserved for island born natives.  
     This finding was very important because cultural variation have often been cited as a 
consideration which must be addressed in mitigation programs and educational strategies. 
However, this research indicates that cultural differences may not be present in a way which was 
once assumed.  
 
Gender 
     Gender plays a role in the beliefs of residents. One place where this was observed was in 
municipal trust. Females report more skepticism about the abilities of the municipality to 
evacuate the area in an emergency. This skepticism was present at higher levels in small scale 
and large scale evacuations. Participants love to engage in conversation after taking the survey. 
Women questioned the usability and functionality of the roadways systems more than men, a 
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strong factor in properly orchestrating an evacuation in an area with one main road. Men 
mentioned this concern less in conversation after filling out the survey.  
    Women reported engaging in more activities and beliefs surrounding the existence of Pele 
than men. This could be for two reasons. First, women may be more spiritual beings, however, 
the other possibility that should be considered, which would be study limitation,  is that men may 
maintain such beliefs as well, but be less comfortable reporting them seeing these beliefs may be 
construed as less mainstream or even paranormal because it does not fit in with an established 
organized religion (or no religion). Also, admitting this belief, even to oneself, may be viewed as 
a weakness.  
      On the other hand, males reported being more willing to assist with physical work in 
mitigating the flow of lava toward populated areas. Because women have stronger beliefs in 
Pele, perhaps the attempts of humans to infer with her natural course of lava would be perceived 
as being unacceptable than with their male counterparts. Or, another reason that women may be 
less willing to assist in mitigation could be of traditional gender roles. Women may simply not 
see themselves performing the types of manual labor required to build dike or load aerial bombs. 
The survey was not able to gather the appropriate information to determine this distinction.  
     The fourth research question addressed gender. The findings are important because the 
finding demonstrate that a division is present which aligns with the perception of traditional 
gender roles. For this reason, when the municipality is planning exercises which educate 
residents about risk, different approaches may be appropriate, based upon gender. Considerations 
should also be made to the spiritual connections which some residents may have to Pele in order 
to be accepted.  
 
 156 
 
Age 
    With age, comes more life experiences and knowledge. Residents who were older had less 
difficulty in getting insurance and knew that the risk of health difficulties from vog was very 
low. That is not to say that older residents are able to get insurances from the insurance providers 
that are turning away younger residents. But, what may be the cause of this ability to get 
insurance with less difficulty is accessibility to alternatives. Older residents may be aware that 
high risk insurers such as Lloyd’s of London are available. Whereas younger residents may 
believe that if they are turned down for insurances from mainstream providers, that it simply is 
not available. Also, older residents may have different financial resources to pay higher rates that 
often make high risk premiums unattainable by groups that have less financial resources. The 
topic of priorities could also be examined in future surveys to assess the impressions of the 
importance of insurance between age groups.  
     Unlike the Ka’u district to the west of Kilauea, no significant air flow pattern exists which 
would indicate the residents of the Puna district, east of Kiluaea, should be subjected to poor air 
quality as the result of vog emissions on a regular basis (Figure 3.4). However, this remains to be 
a concern which residents in the 18-39 year old age groups believe in higher percentage than the 
older groups. One possible explanation for this could be that when rumors and folk tales are 
established, older residents spend more time assessing their own observations and drawing 
conclusions that better align with their own observations. Younger residents may draw 
conclusions based upon what they have been told from sources which they believe to be 
accurate.  
     Younger residents are more likely to believe in Pele and participate in actions such as gift 
giving. Even without statistical analysis, the trend was quickly obvious to the researchers who 
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were able to inquire with local community leaders if this observation seemed correct, during the 
survey process. A local Hawaiian spiritual leader, known to the community as a modern day 
Kahuna, responded. He was not at all surprised by this observation and offered the qualitative 
assessment of why this occurs. Harry Uhane Jim, author of “Wise Aloha Secrets,” explained that 
young people that are drawn to the Puna area possess a level of spiritualism that has not yet been 
influenced by modern society. They are willing to explore the spiritual self in a way that is 
unrestricted, opening their minds to the concept of Pele. Further, he stated that older transplants 
from the mainland often come with centralized beliefs from organized religions of the Mainland, 
which often prohibits this exploration.  
     As a community, it is important to recognize the differences that exist between younger 
residents and those who are older. The reason why this is important is because community 
leaders and municipal planners can put programs in places to educate younger residents about 
insurances that are available to them. For spiritual leaders, this research identifies groups that are 
most interested in participating in religious events.   
 
Income 
     Participants with middle class incomes tended to display the most trust, both in science and 
the municipality. One reason which this could be is that middle class citizens are often the 
products of the mainstream educational system which provides them with higher level of trust. 
Middle class community members tend to have access to technology such as internet, TV, 
phones, etc.  
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     Access to information leads to informed decisions. Middle income residents were also the 
most willing to help build dikes. Overall, it appears that middle class residents are the most 
willing to conform to requests for assistance and believe information which is conveyed to them.  
     For leaders, recruiting community assistance is often needed during a disaster. Knowing 
which groups are most willing to help, may be instrumental for a successful recovery after a 
disaster. At the same time, being able to identify groups that need extra attention in building trust 
in government may bridge the gap between those residents and the municipality. 
 
Education 
     As expected, residents with higher education levels are also more likely to properly answer 
questions that have a right and wrong answer such as know what lava zone they live in.  
     The level of education a resident has achieved influences their impressions about safety issues 
in Puna. Residents with higher levels of education are more likely to believe that evacuation is 
possible in their lifetime.  
     This is important because residents that are well informed have realistic expectations about 
their environment. Residents that believe the potential for evacuation exists are most likely to 
leave a hazardous area. By identifying groups that are well informed about risk from those who 
are not, may lead to programs that better target under-informed residents.  
 
Length of Residency 
     Age was addressed. Participants that were 18-39 were more likely to believe that the effect of 
vog on health exists. Here, it is observed that those who have lived in Puna over 5 years also 
believe that vog problems exist which implies the opposite of what was summarized in the sub-
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section titled “Age.” Why could this be? One plausible explanation could be that the participants 
that have reported being here the longest are native born in the Puna District, whereas, 
participants who are numerically older may often be reporting that they have been here less time, 
as the result of relocation. If that is the case, it would seem plausible that this group believes 
concerns about vog because they have been told this by elders in their formative years. Follow 
up analysis of this inconsistency should be sought.  
    Participants that have lived in Puna for longer periods of time were more educated about their 
lava zone and less likely to agree to assist with mitigation, probably as the result of information 
that had been handed down throughout time in the community. Even though they had heightened 
levels of knowledge about the risk which exists in the community, the extended length of time a 
resident had spent in the Puna district, made them less agreeable to evacuating. This was 
especially evident in residents who had lived in Puna over twenty years.  
     Of all the research questions that were assessed, questions related to topics involving length 
of residency left the most follow up questions.  Survey questions furnished the researcher with 
interesting data, however, in many cases, follow up research for more detailed understanding and 
explanation is in order. Qualitative investigation should be sought for more detailed 
understanding of the current findings.  
 
Limitations of the Research 
     Due to limited time and financial resources, one community was surveyed. However, many 
communities exist on the Big Island. Some, like Puna, are in the wake of Kilauea’s path, while 
others are not. This research provided a fundamental understanding for this community. Through 
expanded research efforts a greater understanding for islanders as a group is possible. 
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Comparisons from community to community are possible with a longer timeline and expanded 
resources.  
     Also, throughout the surveying process, community based nuances were discovered which 
were not foreseeable. Below is a list of changes which should be made for follow up research: 
 
           Insurance Questions 
      From person to person, participants may have perceived this question differently. While 
some participants may have assessed the question as the availability in the area that they live, 
others may have reported about their personal ability to get insurance due to financial restraints.  
 
          Housing 
      Through the process of administering the survey, the research team established that residents 
have a broad array of living arrangements which we may not have accounted for in the 
questionnaire. By adding more unconventional categories such as work-share, house sitting, 
transient movement (called place to place living in local terms) a better collection of data would 
be possible.  
 
          Marital Status 
      Very few people selected divorced as a marital status and many people selected single. In 
forthcoming research, never married would be a better term to redirect participants to the correct 
category as the question was intended.  
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          Employment 
      Retired participants were asked to indicate their former employment category. Many 
comments were received about this limitation. Retiree’s appear to want to consider themselves 
retired. For that reason, it would be appropriate to add this category to the selection list of 
employment categories. The term unemployed may be better suited as labeled “not currently 
working” to overcome potential insecurities of participants employments status. 
 
          Lava Flow Identification 
      Many participants could not identify the last lava flow. The survey lacked a measure to 
establish why so many participants lacked this knowledge. Further research is in order, perhaps 
in the format of qualitative interviews or focus groups.   
 
          Age verses Length of Residency 
      The nature of aging would elude to the possibility that length of residency may have similar 
findings. The results from the two categories were often very different. Therefore, gathering 
better information about movement trends such as relocation may provide a better understanding 
of the variation in results between these two categories. In this study, this information was not 
gathered.  
      Overall, all of the limitations of the research can be corrected or expanded upon to gain better 
clarity in follow up research. The results of the research yielded unforeseen outcomes. At this 
time, as the result of the experiences of the researcher and the feedback of the participants, 
clarifications can be made that will better insure clarity in geographic areas of future research. 
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Next Steps 
          Insurance Procurement Feasibility Study 
     Many people expect that insurance is costly and difficult or impossible to purchase. 
Researchers should compare reported difficulties with actual accessibility. Educational follow up 
should be dispensed to the community. Lloyd’s of London offers insurance for high risk 
properties. Follow up research should also ascertain if people are aware of this offering and, if 
so, if the perception is that it is too expensive to become economically feasible. 
 
         Expansion to Kau Community and Others 
     The initial study provided good insight into the opinions which exist in the Puna District. Re-
administering the survey in other locations, specifically Kau, can provide insight into the 
differences and similarities of the different communities that are situated on the flanks of 
Kilauea. 
 
     Interviews and Focus Groups  
     Conducting surveys is a great way to assess if statistically significant variations exist about a 
topic. More often than not, it leaves the researcher with many follow up questions which are best 
understood through participant explanation. One such question that could be better addressed by 
qualitative measures would be about steps that could be taken to get more people to understand 
the level of danger which is present during a volcanic event. Additionally, suggestions could be 
sought to get people to proactively commit to evacuating in an emergency before the hazard has 
reached an escalated state.  
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     With so many more participants in 2013 reporting that they believe in Pele, additional 
information should be sought to determine if the idea of Pele has evolved from 1960. 
Information should be gathered to establish how the question “Do you believe in Pele?” is 
interpreted. This would help determine if the question in 1960 and 2013, although administered 
in exact language, are capturing data that are conceptually consistent in definition. 
     The follow up course of research should include a budget for conducting these interviews and 
focus groups. Small island communities commonly have larger proportions of economically 
disadvantaged individuals. Including a small gift certificate to Malama Market, the main grocer 
which is present in the Puna and Kau town centers, would be an effective compensation. The 
market is also an effective tool for recruitment.  
 
Final Comment 
     The research presented in this thesis was the culmination of several years of work in the field 
of cultural perception of risk. It provides insight into the opinions and beliefs of Puna residents. 
However, several communities live in proximity to Kilauea and many other communities live at 
the flanks of other volcanoes. Although this research serves as an initial assessment of volcanic 
risk perception, it is only representative of one community’s opinions. Future work in Volcano 
Village and in the Kau district may be in order. It is through these future investigations that it is 
possible to see if opinions about the risks of Kilauea are consistent from one community to 
another.  
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Appendix A: Length of Residence in Years 
Length of 
Residence 
in Years 
N Percent 
Length of 
Residence 
in Years 
N Percent 
Length of 
Residence 
in Years 
N Percent 
Length of 
Residence 
in Years 
N Percent 
0.05 1 .5 3 7 3.4 15 4 2.0 31 3 1.5 
0.08 1 .5 3.5 1 .5 17 1 .5 32 1 .5 
0.1 1 .5 4 12 5.9 18 3 1.5 34 2 1.0 
0.2 3 1.5 5 9 4.4 19 1 .5 35 2 1.0 
0.25 3 1.5 6 7 3.4 20 6 2.9 38 2 1.0 
0.3 2 1.0 7 14 6.8 21 1 .5 40 1 .5 
0.5 4 2.0 8 11 5.4 22 3 1.5 42 1 .5 
0.6 1 .5 9 6 2.9 23 2 1.0 43 1 .5 
1 18 8.8 9.5 1 .5 24 3 1.5 45 1 .5 
1.5 5 2.4 10 8 3.9 25 3 1.5 46 1 .5 
1.75 1 .5 11 3 1.5 26 1 .5 47 1 .5 
2 11 5.4 12 8 3.9 27 3 1.5 61 1 .5 
2.5 2 1.0 13 9 4.4 28 2 1.0 Total 205 100.0 
3 7 3.4 14 1 .5 30 5 2.4 Missing 60  
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Appendix B: The Big Island of Hawaii’s Lava Zone Assessment Survey: 
A Participation Survey of Populations which live in Volcanic Areas 
  Aloha. My name is Melanie Leathers. I am a graduate student from the University of South 
Florida. I research the opinions that area residents have about volcanoes. Here on the Big Island, 
some populations of residents reside in areas which expose them to volcanic activity. I am 
interested in your opinions about volcanic eruptions and the potential risk that volcanoes have in 
the Puna District. The survey takes about 10 minutes to complete and participation is optional. 
All of your answers are completely confidential; they will only be used for statistical purposes. It 
is with your help and other participants in the community that I will provide information to the 
residents of the Big Island of Hawaii to better understand the effects of our environment. 
Mahalo! 
Participation is optional.  Do you wish to participate?  YES     NO 
Do you live in the lower Puna district of Hawaii (in area code 96778)?  YES     NO 
Are you at least 18 years of age or older?  YES    NO   How many years have you lived here? 
_________ 
What is the name of the neighborhood (or the closest neighborhood) in which you live?  
_____________ 
 
In the first section, please tell us about your opinions about risks related to volcanic 
exposure in the Puna District. 
 173 
 
Lava zones are selected based upon the elevation in risk an area encounters as the result of 
potentially being affected by lava flow. 1 is the highest risk, 9 is the lowest risk. What lava zone 
does your home lie within?       1      2      3       4       5       6       7       8       9   I DON’T KNOW 
Do you know when the last time this area was affected by lava flow?  YES    NO   If Yes, 
YEAR: 
Have you had any difficulty obtaining home insurance to cover damage related to lava flows?     
YES        NO           I HAVE NOT TRIED            I’M A RENTER 
Do you feel as though you may ever need to evacuate due to a lava flow related disaster in your 
lifetime?     YES     NO 
If authorities recommended that you evacuate your home, would you leave?   YES     NO 
How would you describe your personal ability to effectively evacuate your home if it was 
necessary, when comparing yourself to the average local resident?     
I AM LESS PREPARED         I AM MORE PREPARED         I AM EQUALLY PREPARED 
Is the local scientific community a trust worthy source for hazard related education?     YES     
NO 
Is the local government and municipal emergency management entity a trust worthy source for 
hazard related education?     YES     NO 
Who is a more reliable source of getting information about volcanic hazards?     
 SCIENCE COMMUNITY    LOCAL GOVERNMENT       THEY ARE BOTH EQUAL         
NEITHER 
Do you feel as though the County of Hawaii is prepared to handle a small scale evacuation as the 
result of a lava flow emergency? A small scale evacuation is defined as evacuating one 
neighborhood in the Puna district.     YES     NO 
Do you feel as though the County of Hawaii is prepared to handle a large scale evacuation as the 
result of a lava flow emergency? A large scale evacuation is defined as evacuating any citizen 
who is dependent on the use of road 130 for transit.          YES     NO 
Do you feel that living near a volcano is a risk to your physical safety?   YES    NO   
Do you feel that “vog” (volcanic smog) has a negative impact on the health of residents within 
the Puna district?           YES      NO     
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In the second section, please read the following six statements about Pele, Goddess of Fire. You may respond by circling 
“yes,” “no,” or “I don’t know.” Your responses will be compared to opinions in 1960. 
 
Statement 1: “Eruptions may happen because people do bad things to Madam Pele.”  YES    NO    I DON’T KNOW 
Statement 2: “Some people have been helped by giving offerings or gifts to Pele.” 
YES     NO     I DON’T KNOW 
Statement 3:  “Would you give gifts/offerings to Pele.”    YES     NO    I  DON’T  KNOW 
Statement 4: “I have given gifts/offerings to Pele.”       
YES     NO     I DON’T KNOW 
Statement 5: “I believe in Pele.”       
YES     NO     I DON’T KNOW 
Statement 6: “Many people believe in Pele.”       
YES     NO     I DON’T KNOW 
In the third section, please read the following three questions about volcanic hazard mitigation. Mitigation is a task that is 
done to help lessen the negative effect of a hazard. You may respond by circling “yes,” “no,” or “I don’t know.”  
 
Question 1: If you had time would you help build dikes (stone walls) to hold back lava from the road? 
 
YES     NO     I DON’T KNOW 
Question 2:  Should soldiers bomb the lava to stop it from burning houses? 
YES     NO     I DON’T KNOW 
Question 3: If you had time would you help take (unload) the bombs from the trucks to bomb the lava? 
YES     NO     I DON’T KNOW 
Next, please tell us about yourself. 
Housing: 
Please Check 
One: 
I rent my home   
I own my home   
I live with a family member   
I prefer not to answer   
 
Marital Status Please Check One: 
Single   
Married   
Divorced/Separated   
Widowed   
I Prefer not to answer   
 
 
Gender : Please Check One: 
Male    
Female   
I Prefer not to answer   
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Education Please Check One: 
Less than 9th Grade   
9th-12th grade, no diploma   
High School graduate or GED   
Some College, no degree   
Associate's Degree   
Bachelor's Degree   
Graduate Degree   
I Prefer not to answer   
 
Employment: Please Check One: 
Homemaker   
Student   
Unemployed   
Managerial/Professional   
Service   
Sales/Office   
Fishing/Farming/Forestry   
Construction   
Production and Transit   
 
Income  Please Check One: 
Less than $10,000   
$10,000-$14,999   
$15,000-$24,999   
$25,000-$34,999   
$35,000-$49,999   
$50,000-$74,999   
$75,000-$99,999   
$100,000-$149,999   
$150,000-$199,999   
$200,000 or more   
I prefer not to answer   
 
Age Please Check one: 
Under 20   
20-29   
30-39   
40-49   
50-59   
60-69   
70-79   
Over 80   
 
 
 
Race 
Please Check ANY that 
apply: 
White   
African American   
Hispanic   
Native Hawaiian    
Other Pacific 
Islander   
Japanese   
Filipeno   
Other Asian   
Other   
I Prefer not to 
answer   
 
Thank You. We welcome any additional 
comments: 
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Appendix C: State and County Population 1960-2000 
 
      County 1960 1970 1980 1990 2000 
            
State 632,772      769,913      964,691      1,108,229      1,211,537       
            
City and County of Honolulu 500,409      630,528      762,565      836,231      876,156       
Hawaii County 61,332      63,468      92,053      120,317      148,677       
Maui County 1/ 42,855      46,156      70,991      100,504      128,241       
Kauai County 28,176      29,761      39,082      51,177      58,463       
            
      State and County Population Change 1950-2000 
      
County 
1950-1960                 
% change 
1960-1970                 
% change 
1970-1980                 
% change 
1980-1990                 
% change 
1990-2000                 
% change 
            
State 26.6         21.7         25.3         14.9         9.3         
            
City and County of Honolulu 41.8         26.0         20.9         9.7         4.8         
Hawaii County -10.3         3.5         45.0         30.7         23.6         
Maui County 1/ -11.7         7.7         53.8         41.6         27.6         
Kauai County -5.8         5.6         31.3         30.9         14.2         
            
      County Population as a Share of the State Total 1960-2000 
      County 1960 1970 1980 1990 2000 
            
State 100.0         100.0         100.0         100.0         100.0         
            
City and County of Honolulu 79.1         81.9         79.0         75.5         72.3         
Hawaii County 9.7         8.2         9.5         10.9         12.3         
Maui County 1/ 6.8         6.0         7.4         9.1         10.6         
Kauai County 4.5         3.9         4.1         4.6         4.8         
            
           1/ Maui County includes Kalawao County. 
         Source:  U.S. Census Bureau, Census 2000 Redistricting Data, (Public Law 94-171) Summary File; figures 
compiled and calculated by the Hawaii State Department of Business, Economic Development & Tourism, Hawaii 
State Data Center. 
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Appendix D: 2010 Census data for ZIP Code 96778 
 
POPULATION BY SEX AND AGE     
Total 2010 Census Population for ZIP Code 96778 14,409 100.0% 
Under 5 years 1,024 7.1% 
5 to 9 years 947 6.6% 
10 to 14 years 939 6.5% 
15 to 19 years 986 6.8% 
20 to 24 years 818 5.7% 
25 to 29 years 945 6.6% 
30 to 34 years 837 5.8% 
35 to 39 years 840 5.8% 
40 to 44 years 835 5.8% 
45 to 49 years 972 6.7% 
50 to 54 years 1,179 8.2% 
55 to 59 years 1,308 9.1% 
60 to 64 years 1,104 7.7% 
65 to 69 years 673 4.7% 
70 to 74 years 435 3.0% 
75 to 79 years 255 1.8% 
80 to 84 years 171 1.2% 
85 years and over 141 1.0% 
      
Median age (years) 39.3 ( X ) 
      
16 years and over 11,281 78.3% 
18 years and over 10,865 75.4% 
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21 years and over 10,344 71.8% 
62 years and over 2,329 16.2% 
65 years and over 1,675 11.6% 
      
Male population of ZIP Code 96778 7,335 50.9% 
Under 5 years 531 3.7% 
5 to 9 years 506 3.5% 
10 to 14 years 464 3.2% 
15 to 19 years 507 3.5% 
20 to 24 years 416 2.9% 
25 to 29 years 458 3.2% 
30 to 34 years 427 3.0% 
35 to 39 years 413 2.9% 
40 to 44 years 438 3.0% 
45 to 49 years 468 3.2% 
50 to 54 years 589 4.1% 
55 to 59 years 681 4.7% 
60 to 64 years 603 4.2% 
65 to 69 years 337 2.3% 
70 to 74 years 249 1.7% 
75 to 79 years 130 0.9% 
80 to 84 years 65 0.5% 
85 years and over 53 0.4% 
      
Median age (years) 39.4 ( X ) 
      
16 years and over 5,727 39.7% 
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18 years and over 5,512 38.3% 
21 years and over 5,229 36.3% 
62 years and over 1,181 8.2% 
65 years and over 834 5.8% 
      
Female population of ZIP Code 96778 7,074 49.1% 
Under 5 years 493 3.4% 
5 to 9 years 441 3.1% 
10 to 14 years 475 3.3% 
15 to 19 years 479 3.3% 
20 to 24 years 402 2.8% 
25 to 29 years 487 3.4% 
30 to 34 years 410 2.8% 
35 to 39 years 427 3.0% 
40 to 44 years 397 2.8% 
45 to 49 years 504 3.5% 
50 to 54 years 590 4.1% 
55 to 59 years 627 4.4% 
60 to 64 years 501 3.5% 
65 to 69 years 336 2.3% 
70 to 74 years 186 1.3% 
75 to 79 years 125 0.9% 
80 to 84 years 106 0.7% 
85 years and over 88 0.6% 
      
Median age (years) 39.2 ( X ) 
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16 years and over 5,554 38.5% 
18 years and over 5,353 37.2% 
21 years and over 5,115 35.5% 
62 years and over 1,148 8.0% 
65 years and over 841 5.8% 
      
POPULATION BY RACE FOR ZIP Code 96778     
What is the Population of ZIP Code 96778 14,409 100.0% 
One Race 10,175 70.6% 
White 5,939 41.2% 
Black or African American 128 0.9% 
American Indian and Alaska Native 157 1.1% 
Asian 1,965 13.6% 
Asian Indian 12 0.1% 
Chinese 63 0.4% 
Filipino 1,198 8.3% 
Japanese 456 3.2% 
Korean 26 0.2% 
Vietnamese 13 0.1% 
Other Asian [1] 197 1.4% 
Native Hawaiian and Other Pacific Islander 1,823 12.7% 
Native Hawaiian 1,430 9.9% 
Guamanian or Chamorro 15 0.1% 
Samoan 29 0.2% 
Other Pacific Islander [2] 349 2.4% 
Some Other Race 163 1.1% 
Two or More Races 4,234 29.4% 
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White; American Indian and Alaska Native [3] 270 1.9% 
White; Asian [3] 544 3.8% 
White; Black or African American [3] 79 0.5% 
White; Some Other Race [3] 41 0.3% 
      
Race alone or in combination with one or more other races: [4]     
White 8,992 62.4% 
Black or African American 389 2.7% 
American Indian and Alaska Native 888 6.2% 
Asian 4,904 34.0% 
Native Hawaiian and Other Pacific Islander 4,891 33.9% 
Some Other Race 350 2.4% 
      
HISPANIC OR LATINO POPULATION FOR ZIP Code 96778     
Total population 14,409 100.0% 
Hispanic or Latino (of any race) 2,019 14.0% 
Mexican 475 3.3% 
Puerto Rican 995 6.9% 
Cuban 28 0.2% 
Other Hispanic or Latino [5] 521 3.6% 
Not Hispanic or Latino 12,390 86.0% 
      
HISPANIC OR LATINO AND RACE     
Total population 14,409 100.0% 
Hispanic or Latino 2,019 14.0% 
White alone 477 3.3% 
Black or African American alone 24 0.2% 
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American Indian and Alaska Native alone 39 0.3% 
Asian alone 84 0.6% 
Native Hawaiian and Other Pacific Islander alone 204 1.4% 
Some Other Race alone 130 0.9% 
Two or More Races 1,061 7.4% 
Not Hispanic or Latino 12,390 86.0% 
White alone 5,462 37.9% 
Black or African American alone 104 0.7% 
American Indian and Alaska Native alone 118 0.8% 
Asian alone 1,881 13.1% 
Native Hawaiian and Other Pacific Islander alone 1,619 11.2% 
Some Other Race alone 33 0.2% 
Two or More Races 3,173 22.0% 
      
RELATIONSHIP     
The Population of ZIP Code 96778 14,409 100.0% 
In households 14,380 99.8% 
Householder 5,478 38.0% 
Spouse [6] 2,102 14.6% 
Child 3,869 26.9% 
Own child under 18 years 2,742 19.0% 
Other relatives 1,523 10.6% 
Under 18 years 704 4.9% 
65 years and over 174 1.2% 
Nonrelatives 1,408 9.8% 
Under 18 years 90 0.6% 
65 years and over 76 0.5% 
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Unmarried partner 691 4.8% 
In group quarters 29 0.2% 
Institutionalized population 0 0.0% 
Male 0 0.0% 
Female 0 0.0% 
Noninstitutionalized population 29 0.2% 
Male 14 0.1% 
Female 15 0.1% 
      
 
HOUSEHOLDS BY TYPE 
    
Total households for ZIP Code 96778 5,478 100.0% 
Family households (families) [7] 3,298 60.2% 
With own children under 18 years 1,398 25.5% 
      
Husband-wife family 2,102 38.4% 
With own children under 18 years 763 13.9% 
Male householder, no wife present 374 6.8% 
With own children under 18 years 194 3.5% 
Female householder, no husband present 822 15.0% 
With own children under 18 years 441 8.1% 
Nonfamily households [7] 2,180 39.8% 
Householder living alone 1,628 29.7% 
Male 927 16.9% 
65 years and over 190 3.5% 
Female 701 12.8% 
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65 years and over 218 4.0% 
      
Households with individuals under 18 years 1,716 31.3% 
Households with individuals 65 years and over 1,305 23.8% 
      
Average household size of ZIP Code 96778 2.63 ( X ) 
Average family size for ZIP Code 96778 [7] 3.27 ( X ) 
      
HOUSING OCCUPANCY     
Total housing units 6,685 100.0% 
Occupied housing units 5,478 81.9% 
Vacant housing units 1,207 18.1% 
For rent 125 1.9% 
Rented, not occupied 9 0.1% 
For sale only 119 1.8% 
Sold, not occupied 25 0.4% 
For seasonal, recreational, or occasional use 502 7.5% 
All other vacants 427 6.4% 
      
Homeowner vacancy rate (percent) [8] 3.1 ( X ) 
Rental vacancy rate (percent) [9] 6.7 ( X ) 
      
HOUSING TENURE     
Occupied housing units 5,478 100.0% 
Owner-occupied housing units 3,745 68.4% 
Population in owner-occupied housing units 9,292 ( X ) 
Average household size of owner-occupied units 2.48 ( X ) 
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Renter-occupied housing units 1,733 31.6% 
Population in renter-occupied housing units 5,088 ( X ) 
Average household size of renter-occupied units 2.94 ( X ) 
X Not applicable. 
[1] Other Asian alone, or two or more Asian categories. 
[2] Other Pacific Islander alone, or two or more Native Hawaiian and Other Pacific Islander categories. 
[3] One of the four most commonly reported multiple-race combinations nationwide in Census 2000. 
[4] In combination with one or more of the other races listed. The six numbers may add to more than the total 
population, and the six percentages may add to more than 100 percent because individuals may report more than one 
race. 
[5] This category is composed of people whose origins are from the Dominican Republic, Spain, and Spanish-
speaking Central or South American countries. It also includes general origin responses such as "Latino" or 
"Hispanic." 
[6] "Spouse" represents spouse of the householder. It does not reflect all spouses in a household. Responses of 
"same-sex spouse" were edited during processing to "unmarried partner." 
[7] "Family households" consist of a householder and one or more other people related to the householder by birth, 
marriage, or adoption. They do not include same-sex married couples even if the marriage was performed in a state 
issuing marriage certificates for same-sex couples. Same-sex couple households are included in the family 
households category if there is at least one additional person related to the householder by birth or adoption. Same-
sex couple households with no relatives of the householder present are tabulated in nonfamily households. 
"Nonfamily households" consist of people living alone and households which do not have any members related to 
the householder. 
[8] The homeowner vacancy rate is the proportion of the homeowner inventory that is vacant "for sale." It is 
computed by dividing the total number of vacant units "for sale only" by the sum of owner-occupied units, vacant 
units that are "for sale only," and vacant units that have been sold but not yet occupied; and then multiplying by 100. 
[9] The rental vacancy rate is the proportion of the rental inventory that is vacant "for rent." It is computed by 
dividing the total number of vacant units "for rent" by the sum of the renter-occupied units, vacant units that are "for 
rent," and vacant units that have been rented but not yet occupied; and then multiplying by 100. 
Source: U.S. Census Bureau, 2010 Census 
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Appendix E: IRB Approval 
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